Production increased 500% 
with automatic harden-draw lines 


Many things improved when two of these Surface lines were installed by a fastener 
manufacturer: production (up 500% over previous methods), delivery time, and 
product quality and uniformity. Either large runs, up to 50,000 fasteners, or small 
batches of special parts are processed economically. All operations — weighing, load- 
ing, first wash, clean hardening, quench, second wash, draw, and rust-proofing—are 
tied together by timed conveyors and feeders. Surface RX® generator gas permits 
carburizing as well as clean hardening. 

This is one of many demonstrations that Surface automatic heat treating can 
help you get the most for your production dollar. 


@ 
SEND FOR BULLETIN SL-164: SURFACE COMBUSTION CORPORATION +2377 DORR ST., TOLEDO 1, OnIO Surface 


Surface® Heat Treat, Stee! Mill, Glass Divisions Kathabar® Air Conditioning Division Janitro!® Aircraft-Automotive neat Tet 
Division @ Janitro\® Heating & Air Conditioning Division @ Webster Engineering Company: Boiler Burner Division 
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The Need for Less Sulphur in Deoxidized Steel, 
by H. W. McQuaid and Norman P. Goss..................0.cceceeeeees 65 

Since more than 0.020% sulphur in aluminum-killed, fine-grained steel produces unde- 
sirable ferrite in supposedly all-martensitic microstructures, the authors recommend 
that American quality steel manufacturers install special equipment for rapid desul- 


phurization, as is already being done in several European steelworks. (D1in, ST, S, 
Al, Ad-p35, 9-19) * 


An informal address (somewhat condensed) before the meeting of the Atomic Energy 
Commission's Welding Committee in Oak Ridge last September, wherein the speaker 
outlined the responsibilities and relationships between corporation executives, labora- 
tory managers, and specialized personnel necessary to achieve commercial results from 
organized research. (A9g) 


Movement of Dislocations, by John J. Gilman and William G. Johnston.................... 76 


Dislocation phenomena in lithium fluoride crystals show by analogy how dislocations 
probably move in metal crystals. (M26b, N1c) 


Cracking Tendency in Heavy High-Temperature Steam Piping, 
by Henry M. Soldan and Charles R. 78 
Stabilized 18-8 (Type 347) is the conventional material for high-temperature steam 
service. Occasional cracks alongside welds may be avoided by using metal and welding 
electrodes (like 16-8-2 Cr-Ni-Mo) which have 60% reduction of area or more when 
cooled from 2400° F. and tested at 2300° F. (Q23p, 2-12; SS, 7-1, 9-22) 
Brittle Fracture of Sheet Piling, by W. A. Morgan and R. C. A. Thurston...................... 86 
Sheet piling is usually rolled of structural steel which can meet moderate requirements. 
While service records are good, several failures in Canadian waters indicate that its 
» transition temperature, where fatiguc cracks or corrosion pits lead to catastrophic 
brittle fracture, is well above the water temperature. (Q26s, T26; AY, CN) 


Table of Contents Continued on Page 3 


METAL PROGRESS is published monthly by the Requests for change in address should include old 

AMERICAN SOCIETY FOR METALS. Publication office, address of the subscriber; missing numbers due to 

Mt. Morris, Ill. Editorial, executive and advertising “change of address” cannot be replaced. Claims for 

offices, 7301 Euclid Ave., Cleveland 3, Ohio. Sub- nendelivets must be made within 60 days of issue. 
scription $7.50 a year in U.S. No claims allowed for over- 

seas subscribers. Entered as 


Senin and Canada; forei $10.50 

¢ * Single copies $1. 50; special second-class matter at the Post READERSHIP 
ry e ‘2 issues $3.00 ... The A.S.M. is Office in Mt. Morris, Ill. Copy- 
not responsible for statements 1957, the AMERICAN RESEARCH 
“4 or opinions in this publication. 


*The coding symbols refer to the ASM-SLA M Pvc 4 Literature C Classification, 
Revised Edition, 1957 


} 


THE 
RIGHT WORD FOR 
LONG-LIFE ECONOMY 
IN HEAT-RESISTANT 
CASTINGS 


First cost is only one factor in the operating economy 
of high-heat-resistant castings. Extra service life, 
obtained through the right combination of physical 
properties and casting techniques, is a much sounder 
gauge of over-all economy. 

That’s why more and more heat-treat operators are 
specifying Thermalloy Radiant Tubes, Retorts, Trays, 
Pots and other heat-treat parts. We'd be glad to show 
you service life case histories to prove their long-life 
economy. Contact your nearby Electro-Alloys repre- 
sentative, or write for the technical bulletins listed 
below . . . Electro-Alloys Division, 8033 Taylor Street, 
. Elyria, Ohio. *Reg. U.S. Pat. Off. 


Thermalloy Retorts 
4 Octagonal, pit-type, an- 
bi nealing and spiral retorts 


Thermalloy Radiant Tubes —plus baskets and spi- 

mg Centrifugally cast to insure uniform wall thick- Ps grades of Thermalloy to 

er. ness; pressure tested to assure freedom from & meet your specifications. 

i, leakage; X-ray controlled to guarantee soundness. ea Write for Bulletin T-239 
Write for Centrifugal Casting Bulletin T-283. bd 


Thermalloy 
A wide range of stand- 
20 & ‘ ey ard sizes, or “specials” 
>» to meet your needs— 
Thermalloy Trays all cast of long-lasting 
"i 4 Experienced design know-how and casting tech- Thermalloy heat-resistant 
ic a niques, plus Thermalloy’s outstanding physical alloys. X-ray inspected, 
ae R properties, mean extra service life and economy. pressure tested. Write for 
m ‘A Write for Bulletin T-227. Bulletin T-234. 


“Brake Shoe ELECTRO-ALLOYS DIVISION Elyria, Ohio 
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Electric Furnace Steel Conference, Reported by E. C. Wright.......... 
Economics of the electric steel industry loomed large in the discussion, what with the 
excessively high cost of steel scrap. Other raw materials for the non-integrated pro- 
ducer which were considered are sponge iron, hydrogen reduced iron, and desili- 


conized pig iron from cupolas. (D5, D9; ST, Fe, RM) 
Slack Quenching of Steels, by D. J. Blickwede and R. C. Hess.......... 97 


Quenching diagrams are presented for several common engineering alloy steels which 
enable the metallurgist to predict the course of transformation and the eventual micro- 


structures and hardnesses of various sized parts quenched either in oil or in water. 
(J26n, N8p; ST) 


Applications of Furnace Atmospheres, by Clarence E. Peck... 104 
Prepared atmospheres are specified for bright annealing, bright hardening and for 
carburizing or carbo-nitriding of all varieties of plain and alloy steels, and su gestions 
given (devised from experience ) as to the atmospheres conventionally used, their dew 


points and their carbon “potentials”. (J2k; CN, AY, TS, SS) 


Atomic Age 


Leaks that developed in the steam 4 ag system do not mean that sodium- 
cooled reactors are unsuitable or unsafe for central station power plants. 


Data Sheet 


Heat Treatment Diagram for A.LS.I. 5140, by D. J. Blickwede and R. C. Hess 
Typical quenching diagram, explained in article on p. 97. 
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Minor Man-Power Crisis Avoided, by Harold K. Work 
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Arcadia Sodiu Nitrate 


sodium nitrate 
SIZE YOU 


coarse (1-C), medium (2-B), fine (3-A).2 D 
solid do not crush or create fines in b 


40 Rector Street, New York 6, N. Y. 


Brand is 99.5% pur 


Ethanolamines Ethylene Oxide «+ Ethylene Glycols Ureas Formaidehydes U. F. Concen- 
trate—85 * Anhydrous Ammonia+s Ammonia Liquors Ammonium Sulfate «Sodium Nitrate 
* Methanol Nitrogen Solutions « Nitrogen Tetroxide « Fertilizers & Feed Suppiements 
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Looking for 
HARDNESS 


Ae / wae saying... 


My good friend of many years, 
Adolph Buehler, president of the 
company bearing his name, wrote 
me a letter a couple of weeks ago. 
Adolph had just finished reading 
the complete text of my proposal 
for “The ASM of Tomorrow” and 
wrote that he “could not help but 
pour out deep-felt congratulations 
for this courageous and most splen- 
did idea”. 

It was indeed a most sincere and 
pleasing letter and one that could 
not help but bring to me a reward- 
ing and satisfying message. And 
Adolph was not finished when he 
had so eloquently described his in- 
nermost rma for he expressed the 


laudable desire to contribute toward this program if it would be accep- * 

table to the Society. es , Get this free catalog 

; Catalog contains complete details 
on all types of Brinell Hardness 
Testers . . . for laboratory, or pro- 
duction: Dead Weight, Hydraulic, 


I was greatly moved by Adolph’s wholehearted approval and wishes, 
and tried to express my deep appreciation and thanks for his commenda- 
tions. I informed Adolph that the A.S.M. is a tax-exempt society and 
is listed on page 17 of the U. S. Treasury Department's Cumulative List Hand or Motor Operated, Large 
of organizations to which contributions are deductible by donors from or Small, Ston Rens ys ol Special 
the Federal income tax. The A.S.M. has always had this status and even : 5 
membership dues are deductible on personal income tax reports. Since 1914 

Every story should have a happy ending and my correspondence with 
Adolph was no exception because on New Year's Day I had the following 
note from Buehler Ltd. of Evanston, II. 


“Dear Bill: Re—Tue ASM or Tomorrow 
o 8811 Lyndon Ave., Detroit 38, Mich. 
Reference is made to our correspondence regarding the 
above-mentioned program. It now gives me great pleasure Mai! this coupon for above Brinell 
to enclose my check for $2,000.00 as a contribution for this 
noble plan of yours, “The ASM of Tomorrow’. 
“With all my best wishes, I remain 
Cordially yours, 
ADOLPH” 

My hat is off to you, a for your generous contribution to the 
A.S.M. I am sure the Board of Trustees and the entire membership 
join with me in expressing sincere appreciation. You are the first mem- 
ber to make a financial contribution to further the work of the Society 
and I am confident your example will point out to others how the work 
of A.S.M. may be advanced and the dawn of “The ASM of Tomorrow” 
become a bright reality in the not too distant future. 


We at headquarters are all inspired to great efforts. 
Cordially yours, 


W. H. Essenman, Secretary 
AMERICAN SOCIETY FOR METALS 


See STEEL CITY'S Exhibit at 
Western Metal Show— 
Booth 537 
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‘THE MARK OF 


BARBER 
COLMAN: 


 Wheeleo 
-Inctruments 


From a single instrument to a 
control center, Wheeico Instruments 
give you precise, maintenance-free 


Wheelco Control Center 
on 35-ft long, three-zone, 
continuous-type G.E. 
electric furnace in large 
Midwestern heat-treat- 
ing plant has Limitrols at 
top and 8000 Series Re- 
corders below. Capacity 
of this furnace is 1000 
lb per hour. 


Forging, salt-bath, carbonitriding, and melting applications ail 
improve their efficiency with Wheelico advanced design 


Recording or temperature-controlling applica- 
tions for either ferrous or nonferrous metals 
can be brought to peak efficiency with Wheelco 
Instruments — whether they are the simplest 
types, requiring a single instrument, or far 
more complex installations best handled 
with a number of instruments grouped in a 
Wheelco-designed and built control center. 
For an unbeatable combination of instrument 
qualities, specify Wheelco. A nationwide sales- 


engineering organization is available to help 
solve your instrument problems. 

You'll find Wheelco Instruments installed as 
original equipment by leading furnace-build- 
ers and preferred by metalworking companies 
everywhere. Wheelco features, such as plug- 
in assemblies, use of standard electronic tubes, 
simple adjustment and scale change, mean less 
problems for users and are solid reasons for 
continued preference. 
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Better Die-Casting 
Quality... 


Accuracy of the Wheelco Series 
400 Capacitrols that control melt- 
ing and holding burners improves 
both production and quality of 
aluminum die-castings. Aluminum 
is melted in one furnace chamber 
and held at precise pouring tem- 
perature of 1450°F in the other. 


Precise Control for 
Carbonitriding... 


Accurate temperature control, 
insured by use of Wheelco 8000 
Series Potentiometer-Recorder, 
cuts costs and does away with 
operating problems. Recorder 
actuates a Barber-Colman Class 2 
HYCC power unit that operates a 
combination air-gas valve. Capac- 
ity of radiant-tube furnace is 500 
lb per hour. Wheelco Panelmount 
Limitrol is at top of panel. 


Improved Forgings, 
Lower Fuel Costs... 


Three big benefits: better forg- 
ings, closer control of temperature, 
and lower fuel costs result from 
using Wheelco Model 405 Capaci- 
trols on this large bar-heating 
furnace. Bar stock heated to 
2250-2450° F range is used to 
make forgings for automotive 
transmissions. 


BARBER-COLMAN COMPANY 


Dept. O, 1518 Rock Street, Rockford, Illinois, U.S.A. 
BARBER-COLMAN of CANADA, Ltd., Dept. O, Toronto and Montreal, Canada 


Industrial Instruments Automatic Controls Air Distribution Products Aijrcraft Controls Electrical Components 
Small Motors ® Overdoors and Operators ®* Molded Products * Metal Cutting Tools * Machine Tools * Textile Machinery 
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VERTICAL SURFACE GRINDERS 
“Hill” Open Side Vertical Spindle Hydraulic Surface 
Grinders are designed for rapid stock removal and ac- 
curate grinding of flat surfaces. Furnished in table 
widths of 18”, 24” and 30”; table lengths 60” to 240”. 


INDUSTRY 


SHEAR KNIVES 

“CLEVELAND” Knives and Shear Blades, 
Solid and laid steel shear blades; rotary 
slitting and side trimming knives; metal 
cutting machine knives. 


HORIZONTAL SURFACE GRINDERS 

“Hill” Open Side Horizontal Spindle Hydraulic Surface 
Grinders for accurate grinding of flats, angles, irregular 
and special shaped surfaces, Furnished in table widths 
from 18” up to 36”; table lengths 60” to 240”. 


ABRASIVE BELT GRINDING 
& POLISHING MACHINE 
(Pinch Roll Type) 

For pre-finishing, conditioning 
and polishing sheets, plates, 
strips or blanked-out shapes 
in flat form. Used as single 
units or in multiple units for 
progressive line polishing. 


ABRASIVE BELT POLISHING MACHINE 
(Hydraulic Table Type) 

For flat polishing of sheets and plates of ferrous 

and non-ferrous metals. Made in a variety of 

table widths and lengths with fully hydraulic re- 

ciprocating table. 


The basic HILL two-roll vertical head 
with endless abrasive belt. Used in both the Pinch- 
Roll and the Hydraulic Table types. 
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BAR-BILLET SHEARS 
Modern, efficient design. 
Made in 3” to 62” sizes. 
Choice of hand, semi- 
automatic or fully auto- 
matic feed. Assures 
clean, square cuts with 
low maintenance. 


ALLIGATOR 

SHEARS 

“CANTON” Alligator 

Sheors are the most 

rugged, powerful 

and trouble free 

shears ever built for 

Modern design has ‘ TAPPING MACHINES 

produced a stronger pi ee yy “ACME” model XC-W six spindle Coupling 
shear, with fewer Tapper. Built in 1” capacity and larger, in 


ports, and positive 6 or 8 spindle. Can be adapted as a nut tapper. 
lubrication. Made in 


a full range of sizes to 
meet every condition. 


FORGING MACHINES 

“ACME” XN Forging Machines produce accurate, 
quality forgings for long uninterrupted periods. 
Massive construction and simplicity of operation 
insure years of trouble-free service. Built in 7 sizes 
from 1% to 5 inches. Also built os rivet or Ball 
machines. 


THREADING MACHINES 

“ACME” HA Single and Double Spindle 
Threading Machines core equipped with 
tangent or hob type die head which assures 
economical, accurate, high speed produc- 
tion. Furnished in sizes from 1” to 22” 
capacity. 


1201 WEST 65th STREET CLEVELAND 2, OHIO 


“HILL” GRINDING & POLISHING MACHINES - HYDRAULIC SURFACE GRINDERS - ALSO MANUFACTURERS OF “AEME” FORGING 
THREADING + TAPPING MACHINES “CANTON” ALLIGATOR SHEARS + BILLET SHEARS “CLEVELAND” KNIVES SHEAR BLADES 
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Carlson is your ONE source for ALL 
stainless steel components 


STAINLESS STEEL PLATES + PLATE PRODUCTS + HEADS += RINGS 
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Check your drawings and you may find 
that you require all of the stainless steel 
items shown here—plates, heads, tube sheets, 
discs, forgings, flanges, rings, special pat- 
terns, bars, and sheets (#1 Finish) in the 
heavier gauges. When you buy all these 
material components from one source you 
save time, effort and money. 


Your assembly costs are kept toa minimum 
when you use Carlson’s abrasive cut mate- 
rial. Cleaner edges mean less true-up time 
on the job. There is no heat-affected zone 
because little heat is developed during the 
cutting. Fabrication is easier and the fin- 
ished product is of the highest quality, more 
dependable in use. 


Who pays freight on “offcuts” you can’t 
use? No one, when you use Carlson’s 
service for cutting plate to shape, ready for 
your fabrication. Plate is sheared, sawed, 
flame or abrasive cut and machined to your 
specifications. Eliminating freight charges on 
excess material lowers your costs. 


There’s the matter of delivery which also 
means time and money to you. As specialists 
in stainless steels, Carlson has the diversified 
equipment and the technical and practical 
knowledge to produce the plate or shapes 


you want, the way you want them with 
DISCS + FORGINGS + FLANGES + BARS AND SHEETS (No. 1 Finish) 


THORNDALE, PENNSYLVANIA 
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THE METALS INDUSTRY 
IS PROFITING FROM THE 
USE OF OTHER STOKES 
PRODUCTION EQUIPMENT 


Vacuum Pumps. For rapid evacuation and 
holding high vacuums, Stokes offers 
mechanical pumps, and ‘‘Ring-Jet’’ oil 
vapor diffusion and booster pumps. New 
design affords 10 to 100% greater speeds. 


12 


Compact, self-contained Stokes Vacuum Furnace is being used for investigations of vacuum 
melting of high temperature alloys, at International Nickel Company, Inc., Bayonne, New Jersey. 


Vacuum Metallizers. Stokes offers a com- 
plete line of vacuum metallizing equip- 
ment to plate metals for improved surface 
finish... also to provide conductive 
coatings on non-conductive materials. 
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International Nickel studies 


‘super’ alloys—melted and cast 
in Stokes Vacuum Furnace 


The “thermal barrier’ may be pushed even higher, for jet engine 
service, as the result of investigations in vacuum processing of alloys 
in a Stokes furnace, at International Nickel’s Research Laboratory. 


Exclude air and remove gases from metals, and cians can manipulate the melt during heating 
you can create extra properties of strength and ...even take melt samples while high vacuum 
endurance that are unattainable by conventional is constantly maintained. 

techniques. This is one of the promising lines of 
metallurgical development that International 
Nickel Company, Inc. is investigating in their 
laboratories at Bayonne, New Jersey. 


Pioneer and leader in high vacuum technology, 
Stokes offers a comprehensive line of vacuum 
furnaces which are implementing progress in 
vacuum metallurgy. Equipment ranges in capac- 


Using a Stokes Vacuum Furnace, the company is ity from laboratory scale furnaces to those 
studying the effects of vacuum melting and cast- capable of melting and casting charges of 3000 
ing on a variety of nickel base alloys such as pounds on a production basis. The combination 
Inco 700 and 713, destined for jet engines and of Stokes high capacity Microvac mechanical 
other extreme temperature service. They also plan pumps and “‘Ring-Jet’’ Oil-Vapor Booster Pumps 
to examine the possibilities of vacuum melting of gives fast pump-down and dependable mainte- 
special nickel alloys containing oxidizable ele- nance of required vacuum down to the low 
ments, stainless steels, cast iron and copper micron ranges. 

base alloys. 


Write to Stokes for technical literature, and for a 


An induction heating crucible, inside the Stokes consultation by one of our vacuum specialists on 
furnace, handles charges up to 50 pounds. By the particular type of vacuum furnace equipment 
means of the Stokes vacuum lock, Inco techni- that we can engineer for your specific requirements. 


REFERENCE DATA: Vacuum Furnaces—Catalog 790 « Microvac Pumps— 
Catalog 752¢ Diffusionand Booster Souse—Snantientabiied Performance Data 
Story of the Ring-Jet Pump— Booklet 756 How to Care for Your Vacuum 
Pump—Booklet 755 « Vacuum Metallizing—Catalog 780° Vacuum Calculator 
Slide Rule * Powder Metallurgy Today * Powder Metal Presses—Catalog 815 


Vacuum Furnace Division 
F.J. STOKES CORPORATION 
5530 Tabor Road, Philadelphia 20, Pa. 


Powder Metal Presses. Cost savings and a 
the compacting of incompatible alloys 
have made powder metallurgy an accepted , 


process. Stokes offers the most complete 4 (ae 
line of presses in the industry. 


. 
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STRENGTH AND SAFETY are built-in features of 
this seat-belt buckle made from Republic Stainless 
Steel, Type 201. Fabricating operations include: 
shearing into blanks of .125 thickness, punching, 
a severe bend of 175° to form the hook. 


SAFETY ASSURED by designing the high strength 
ad of stainless steel into the simple beok- 
type buckle. No intricate springs or mechanisms to 
fail at the wrong moment. Both belt and buckle are 


rated 1000 pounds in excess of CAA specifications. 


Woldi Wideat- Range 
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with STAINLESS STEEL 


SEAT-BELT MANUFACTURER LICKS CRITICAL PROBLEM 
WITH REPUBLIC ENDURO, TYPE 201 


Here are the facts on a new and cost-cutting use of 
Republic ENDURO® Stainless Steel, Type 201, by 
Bunke-Musser Company, Jackson Center, Ohio, 
manufacturers of safety seat-belts for the automo- 
tive industry. 


The most critical part of the entire assembly is 
the buckle. It must conform to Associated Seat Belt 
Manufacturers’ specifications. These require that 
the buckles be subjected to a test pull of 1500 Ibs., 
then reduced to 125 Ibs. At this point, the pelican 
hook of the buckle must be capable of release at 
45 Ibs. pressure. 


Prior to adoption of Type 201, another grade of 
stainless had been used. However, the slightly softer 
surface of this type resulted in a galling action at 
the fulcrum of the buckle when the release pressure 
was applied. 


THERE’S NO SACRIFICE OF STRENGTH OR SAFETY in this drive 
axle designed from Republic Alloy Steel. In these fine steels you will find 
the highest strength values—plus an exceptionally high strength-to-weight 
ratio that permits transmission of hundreds of horsepower through tough, 
strong axles, shafts and gears, free from excess weight. Republic Alloy 
Steels are essential in designing smaller sections to carry heavier loads 
safely — tial in ext pment life and reducing maint 


Bunke-Musser also experimented with carbon 
steel. But this required use of heavier gage, chrome 
plating and polishing, with the end result being 
much more expensive than stainless steel. 


Now the company has standardized on Republic, 
Type 201, with excellent results. The buckles meet 
and exceed test specifications. The galling action has 
been eliminated. Tensile strength increased 200 Ibs. 


Types 201 and 202 ar’ relatively new members 
of Republic's family of stainless steels. Republic 
Specialists will be happy to work with you in 
designing these new grades into your product. The 
200 Series offers high strength, corrosion-resistance 
and easy forming on your present equipment. And 
they are readily available. Mail the coupon for more 
information, or if you would like a Republic 
Specialist to call at your plant. There's no obligation. 


A BUILT-IN SAFETY FACTOR is one reason why Republic Nylok Nuts 
are being used in thousands of critical applicctions to resist shock, vibration 
and cyclic loading. The is in the nylon plug in one face of the 
nut which forces threads on other side tight against bolt or stud. Above, 
Nylok Nuts provide a powerful clamp action and keep vital steering 
tie-rod assembly securely in adjustment. Nylok Nuts can be removed for 


and replacement costs. Send ‘coupon for data. 


STEEL 


and Stack Produca 
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if of ports, then re-used with no loss in holding power. And 
because either end is up they are ideal for automatic feeding and power 
wrenching. Send coupon for more facts. 


REPUBLIC STEEL CORPORATION 

Dept. C-2865, 

3188 East 45th Street + Cleveland 27, Ohio 

(CD Please have a Republic Specialist call. 

Send more information on: 

(CD 200 Series Stainless Steel [ Alloy Steels [] Nylok Nuts 


Title 
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TEST PROVES QUENCHOLS 
HIGHER COOLING POWER! 


10-MINUTE DEMONSTRATION 


Compare any oil you now use with Sinclair 
QUENCHOL 521 in just 10 minutes! Right 
in your office or plant, Sinclair’s new 
Quenchol Demonstrator will give you an 
accurate comparison of relative cooling 
power .. . show you how QUENCHOL can 
save money in your quenching operations! 


A TYPICAL TEST SHOWS THESE RESULTS: 


OILS COMPARED COOLING POWER*® ROCKWELL C HARDNESS 
(SAE 1045 STEEL) 


Competitive Oil A 576 23.5 
Competitive Oil B 729 39.0 
Competitive Oil C 1024 41.0 
QUENCHOL 521 1369 54.5 


*Based on a recognized formula for determining relative cooling power 
value. Measured as the square of the current (I2max.) as recorded by 
Quenchol Demonstrator. 


ACTUAL PRODUCTION TOO...PROVES QUENCHOL SUPERIORITY ! 


In numerous production tests, QUENCHOL 521 has demonstrated its far superior 
quenching ability. All users report better results in the degree, depth, and uniformity 
of hardnesses obtained. Steels have included SAE 1035, 1040, 4140, etc. In many 
cases the superior results have been obtained while increasing working loads! More- 
over, QUENCHOL’S high sludge resistance, low acid formation characteristics and high 
quenching reserve keep it from deteriorating . . . extend QUENCHOL’s amazing cooling 
power with longer service life! 


For your own demonstration of QUENCHOL efficiency, and for more technical infor- 
mation on its properties, call your local Sinclair Representative . . . or write to 
Sinclair Refining Company, Technical Service Division, 600 Fifth Avenue, New 
York 20, N. Y. There’s no obligation. 


METAL WORKING OILS 
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What’s your problem... 


JOB LOT OR PRODUCTION HEAT TREATING? 


Here is the furnace that brings in-line production to 
controlled atmosphere heat treating. In the same 
basic, compact, heat treating unit, work loads flow 
with automatic in-line movement from the loading 
. through the preheat chamber . . . to 
the heating chamber . . . into the quench . . . out 
through the discharge door . . . and then, if desired, 
on through washing and tempering units. 


platform . . 


Total time required for heat treating is substontially 


reduced, work handling is cut to a minimum, and 
production costs are reduced. 

Ipsen' straight-through heat treating units are suit- 
able for job lot, semiautomatic, or 100% automatic 
production . . . they're equally efficient as multipur- 
pose units for a wide variety of applications in a heat 
treating department . . . or for a single heat treating 
function in an automated production line. 


9Ssen 


HEAT TREATING UNITS 


| 
f 
following 
auromaric 
| floor plans 
for both job lot 


HERE’S HOW YOU CAN ARRANGE 
IPSEN “STRAIGHT-THROUGH” FURNACES 
FOR DIFFERENT PRODUCTION REQUIREMENTS 


This arrangement includes an Ipsen Washer unit, an 
automatic ‘straight-through’ heat treating unit, and 
a tempering unit installed side by side. Two transfer 
cars operate on crosstracks which connect the three 
aed, a units at both the charge and discharge ends. 

atop cone ng unit Loaded work tray enters the washer . . . emerges 


from the discharge end to the transfer car which 
moves the tray to the charging end of the heat 
treating unit. Tray then enters the work chamber of 
the heat treating unit . . . passes from the discharge 
end to the transfer car, then back to and through the 
washer. The next transfer is into the tempering unit, 
and the work is ready for the next step of manufacture. 

Automatic control of time, temperature, and at- 
mosphere . . . plus the ‘straight-through’ job lot 
processing features of Ipsen automatic heat treating 
units offer definite advantages over conventional 
"‘in-and-out"' job lot type equipment. 


I psen “straight-through” Ipsen automatic advancer I psen washer Ipsen tempering unit 
heat treating unit 


This is a completely automated installation. Special Production flow is 100% automatic . . . continuous 
Ipsen-designed mechanisms receive the loaded work and uninterrupted. This type of heat treat line fits 
trays, move them into the furnace work chamber .. . directly into an automated production line. Similar 
later transfer them from the discharge end of the heat “straight-through,” automatic, heat treating lines can be 
treating unit to a washer . . . then from the washer to installed in straight, L, U, W, or O-shaped arrangements 


the tempering unit . . . and finally out of the tempering to suit the requirements of your plant. 
unit to the next processing point. 


Ipsen “straight-through” heat treating units (job lot or continuous) 
are already engineered . . . and can be built, delivered, and installed 
in a relatively short period of time. For detailed information, write, 
wire .. . or phone Rockford, Illinois, 5-958]. 


IPSEN INDUSTRIES, INC. . 723 S. MAIN STREET - ROCKFORD, ILLINOIS 


HEAT TREATING UNITS 


for job lot production: | % 
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Manutacturers of earth moving equipment do! 


Walking draglines are ingenious, mobile monsters employed for digging 


and moving earth. Because of their size and applications, often in isolated 
areas, they must be dependable and steady in their operations. Only the best 


materials and workmanship will prevent costly downtime in the field. 


*-DIE BLOCKS 


Many of these machines employ Fink! forgings. The 48 foot ‘‘walker”’ 
shaft shown above transfers power from the engine to the walking mechanism 
of the dragline to move as much as 450 tons of equipment. Here the best 


materials and craftsmanship will prove the least expensive in the long run. 


JOVNYNA 


HOT WORK STEELS 


For over 78 years, Fink! has produced the best in cylinders, spindles, 
driveshafts, and special forgings both rough turned and finish machined.When 


you are considering forgings or die blocks, call your local Fink! representative. 


A. Fink! & Sons Co. 


2011 SOUTHPORT AVE: CHICAGO 14, ILLINOIS 


*FORGINGS- 


Offices in: DETROIT - CLEVELAND - PITTSBURGH - INDIANAPOLIS - HOUSTON - ALLENTOWN - ST. PAUL 
COLORADO SPRINGS - SAN FRANCISCO - SEATTLE - BIRMINGHAM - KANSAS CITY 
Warehouses in: CHICAGO - BOSTON - LOS ANGELES 
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MUELLER BRASS CO. 600 SERIES BRONZE 
the main working part in the smooth and 
OCEAN CITY SPINNING REELS 


600 Series gears prove ideal in heavy 
duty salt water models 300, R300, 
and 320 in which corrosion resistance 


and high strength are important. 


Other typical 
600” applications 
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FORGED GEAR 
powerful 


The Montague-Ocean City Rod & Reel Co. of Philadelphia is 
proud of the fact that many fishermen ore calling their famous 
Ocean City “300” series spinning reels “the most dependable 
spinning reels in America.” Such proise justifies the very best 
components in a product—like the corrosion-resistont Mueller 
Brass Co. “600” alloy gear. Provides its own shaft and has an 
integral clutch which takes the driving force from the handle, and 
incorporates a cam which provides the oscillating motion of the 
spool for cross-winding the line. Bronze was chosen because of the 
need for maximum strength, long wear, and because it is such an 
excellent bearing material. This application dramatically points 
up the valuable properties of Mueller “600” series alloys. 


There are countless applications of Mueller “600” series bearing 
alloys. Find out how you can utilize one or more of them in YOUR 
products. Because forgings can be made closer to the finish size in 
“600” series alloys than can sand castings, there is less waste, 
greater speed in finishing. 


@ WRITE TODAY FOR THE 
ENGINEERING MANUAL YOU NEED 


Mueller Brass Co. Forgings 
Engineering Monval H-58565 


Tuf Suf Aluminum Bronze Alloys 
Engineering Monval K-58563 


600 Series Bearing Alloys 
Engineering Manual FM-3000 


Copper Base Alloys in Rod Form 
Engineering Monvol FM-3010 


METALS 
AND ALLOY 
REVIEW 


by FRANK M. LEVY 
Vice-President and Director of Research 


Recently Ray Engelgau, who heads our statistical 
quality control procedures, and Amos Armitage from our 
machining department met in my office and we had a 
very interesting discussion on our new “S-C”’ rod. The 
term “S-C” is derived from the fact that it is produced 
from billets that are cast semi-continuously. In addition, 
we use the letters “S-C”’ to indicate its “super cutting” 
qualities which is one of the outstanding characteristics 
of this rod. We have definitely proved these qualities in 
some very exhaustive tests, one of which I'd like to tell 
you about here. 


Experience has shown that it is difficult to control dimen- 
sions within close tolerances on machine parts involving 
internal forming operations. Amos had run into exactly 
that trouble with a certain hydraulic fitting made from 
rod that required a fairly close dimensional tolerance on 
the internal formed diameter. So, we decided to make a 
comparison test by machining the part from rod made 
by the conventional method and from rod produced by 
the S-C process. When rod made by the conventional 
method was machined, the parts could not be held 
within the specified tolerance range. The same machine, 
the same tooling and the same machine operator were 
used in this test, and when S-C process rod was sub- 
stituted, the machine parts were well within the 
required tolerance range. 


In addition, I just received a letter from a well-known 
equipment manufacturer who has been running tests on 
S-C rod. They reported that the incidence of tool trouble 
per 1000 forgings machined from S-C rod were approxi- 
mately half that of forgings made from conventional 
rod. We think that is pretty good evidence that the rod 
made by our semi-continuous process is exceptionally 
uniform by all standards. Incidentally, our new billet 
casting department is quite a model of automation and 
has a number of interesting processes and features. 
Anytime you happen to be in our area we would be more 
than happy to show you through and explain the many 
points of this process that gives us what we firmly 
believe to be the best possible rod available today which 
of course is reflected in the quality of our forgings. 


If you would like a folder that fully covers our semi- 
continuous process, just drop me a note and I'll see that 
one is sent along to you promptly. In the meantime, 
we'd like to have you investigate our super-cutting S-C 
rod because we think it will improve your product 
quality—and we've got the alloys to do most anything 
to meet the most exacting demands. 


Thanks for your time. 


MUELLER BRASS CO. 


PORT HURON 28, MICHIGAN 
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Whatever your furnace 
needs for control— 


354 feet from loading end to quench press, this continu- 
ous heat-treating line at Lukens Steel Co. processes 
wide steel plate quicker, more economically than ever 


before. Feature of the line is a Drever furnace, con- 
There’s good reason why more heat-treating trolled by Electronik Air-O-Line instruments. 
furnaces everywhere are controlled by Brown 
instruments. First, of course, is performance .. . 
sensitive, precise control that meets the most 
exacting requirements of modern heat-treating 
techniques. And equally important is versa- 
tility. In this varied line of instrumentation 
you'll find just about everything a furnace 
could possibly need in the way of control. 


Choose ElectroniK Strip Chart Controllers for de- 

tailed, long-term records . . . and a selection of 

control forms including electric systems of the con- 
tact, position-propor- 
tioning (Electr-O-Line) 
and time-proportioning 
(Electr-O-Pulse) types; 
and pneumatic control 
from two-position to full 
proportional-plus-reset- 
plus-rate action. 


Choose ElectroniK Circular Chart Controllers for ease 
of scale reading . . . con- 
venient daily charts; in 
a full range of electric 
and pneumatic control 
forms. 


130” steel plate 


Note: the basic compo- 

nents of all ElectroniK 

models are interchange- 

heat treated to 

speed up service. 

Choose ElectroniK Circular Scale Controllers where 
you want readability 
and control check at ex- 
treme distance . . . with- 
out need for a record. 
Supplied with all con- 
tact and proportional 
types of electric control. 
Note: all ElectroniK 
models are available in 
both Standard and Pre- 
cision Series. 


close temperature 


Choose Pyr-O-Vane Controllers where you don’t 
need a record but do 
need precise vane type 
snap action electric con- 
trol by a millivoltmeter 
instrument... also avail- 
able with pulse-type 
time proportioning 
action, in both vertical 
and horizontal models. 


Choose the Protect-O-Vane Safety Cut-Off for simple, 
dependable excess temper- 
ature protection ... can be used 
with any temperature control 
to prevent furnace shut downs 
and loss of production. 


And... for all your pyrometer 
supplies, investigate the con- 
venience and economy advan- 
tages of the HSM Plan. 


In the control pulpit, the operator can watch each zone 
temperature . . . clearly displayed on the circular chart 
ElectroniK controllers on the instrument panel. 
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@ REFERENCE DATA: Write for Catalog 


limits in Lukens’ new 202’ furnace 


—— steel plate up to 130 inches wide, 1 inch 
thick and 40 feet long is heat treated in a new 
line now operating at Lukens Steel Company, Coates- 
ville, Pa. Designed by the Drever Co., Philadelphia, 
the line—longer than a football field—handles aus- 
tenitic stainless alloy plates. 


To handle the work that Lukens produces, the fur- 
nace was designed for accurate, flexible temperature 
control. 90 Bloom burners, firing either natural gas or 
No. 2 oil, supply heat under control of a battery of 
ElectroniK instruments. Through their Air-O-Line 
pneumatic control systems, these instruments regu" 
late heat input to each furnace zone. They hold 
temperatures at the values set by the operator .. . 
throughout working ranges between 900 and 2000°F. 


Close temperature control of this big furnace is the 


1531, “‘ElectroniK Controllers” and for 
Price List 56-1, “Furnace and Oven 
Controls.” 


H 


result of good furnace design . . . and top performance 
by instrumentation. It’s the kind of job for which 
ElectroniK controllers have been chosen in thousands 
of metalworking and metal producing plants for 
more than a decade. Whether you’re planning new 
equipment or modernizing, be sure that you select 
ElectroniK instrumentation . . . to be sure of the best 
in contro!s, made by the world’s largest manufac- 
turer of controls. 


Let’s talk over your specific control problems. Just 
call your local Honeywell field engineer . . . he’s as 
near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Indus- 
trial Division, Wayne and Windrim Avenues, Phila- 
delphia 44, Pa.—in Canada, Toronto 17, Ontario. 


oneywell 


BROWN 


INSTRUMENTS 
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VISIT RIEHLE AT THE WESTERN 


a METAL SHOWS BOOTH 115 


Here are the sensitivity and rapid response plus complete in- _gaancep ‘stam 

‘ strumentation you need for testing at elevated temperatures as _—FLECTROWICALLY 
well as at room temperatures. 
SERVO DRIVE 

With Riehle’s new Electro-Balanced Indicating Unit, you know wee 

you are actually conforming with modern, more rigid testing ADJUST ye 
requirements. No longer need you go on testing superficially ADJUST DRIVE 

with inadequate machines that just weren’t intended for modern RANGE SYSTEM 


test procedures. SLIGHT MOTION AT BEAM END 


PROVIDES SUFFICIENT SIGNAL TO 
Riehle’s new sensitivity and rapid response assure you of that OPERATE THE SERVO MOTOR 


flexibility and precision you must now have. The new Electro- ... AND MOVE THE POISE TO 
Balanced Indicating Unit is available for both hydraulic and ESTABLISH FORCE EQUILIBRIUM. 
screw power testing machines — by Riehle. 


NEW BULLETIN... MAIL COUPON 


RIEHLE TESTING MACHINES 
Division of American Machine and Metals, Inc. 
Dept. MP-357, East Moline, Illinois 


Please send your free 4-page Bulletin RU-14-56 with full data 
on the new Riehle Electro-Balanced Indicating Unit. 


COMPANY 


ADDRESS 


city 
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Vacuum Furnace 

High Vacuum Equipment Corp. has 
announced a new laboratory vacuum 
furnace which is suitable for melting, 
annealing, brazing, sintering and de- 
gassing by changing some of the 
furnace components. The standard 
model is a self-contained unit, with a 


3-in. id. by 6-in. high stabilized zir- 
conia crucible suitable for melting 12 
lb. of steel at 3600° F. The furnace is 
tilt pouring, with a rotary mold turn- 
table. Using the same cabinet, power 
supply and pumping system, the melt- 
ing furnace becomes a heat treating, 
annealing, brazing or sintering fur- 
nace by removing the melting chamber 
and substituting a horizontal type 
muffle furnace having a hot zone of 
either 6 in. id. by 12 in. long or 6 
in. id. by 24 in. long for processing 
at temperatures up to 1900° F. The 
vacuum system will evacuate the 
chamber to less than 1 x 10° mm. Hg 
when cold, dry and out-gassed. 


For further information circle No. 597 
on literature request card, page 48-B. 


Cadmium Plating 

A new cadmium plating process has 
been announced by Hanson-Van Win- 
kle-Munning Co. The new Cadalume 
uses two brighteners. One is the 
make-up brightener and is used only 
when making up a new bath or con- 
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verting an existing one. The other, 
called Cadalume brightener, is used 
for all maintenance additions. The 
process is used to protect iron and 
steel parts against corrosion, and 
nonferrous metals against surface 
tarnish, corrosion or galvanic couples 
formed in assemblies. 


For further information circle No. 598 
on literature request card, page 48-B. 


Microscope 

A new microscope for use by 
machinists and toolmakers in inspec- 
tion and measurement of tools, drill 
jigs, templates and finished parts has 
been announced by the Bausch & 
Lomb Optical Co. Major advance lies 
in an illuminating system. The illu- 
mination source is built-in and the 
beam of light is directed down through 
the microscope objective, giving true 
vertical illumination. A_ collective 
mirror under the stage plate reflects 
the light back into the body tube. As 
a result, both the surface and the 
contour of parts may be viewed simul- 


taneously. Standard magnification is 
35X, but different objective and eye- 
piece combinations may be used to 
obtain other magnifications. 


For further information circle No. 599 
on literature request card, page 48-B. 


Abrasive Cutting Machine 

A new wet abrasive oscillating cut- 
ting machine has been announced by 
the Campbell Machine Div. This unit 
permits the cutting of large diameter 


bar stock, tubing and other shapes, 
ferrous and nonferrous metals in- 
cluding corrosion-resisting steel as 
well as hardened or annealed steels of 
practically all analyses. This is an 
oscillating type machine in which the 
wheel feed and work clamps are hy- 
draulically operated and the work bar 
is hand fed. Through its oscillating 
motion, the amount of abrasive wheel 
contact is reduced and cutting is per- 
formed with a minimum of wheel pres- 
sure. The Model 481 is furnished with 
a 25 hp., 180 rpm., totally enclosed, fan 
cooled motor to drive the abrasive 
wheel. The unit is 100 in. long by 85 
in. wide by 84 in. high. Net weight 
with electrical equipment is approxi- 
mately 6800 Ib. 


For further information circle No. 600 
on literature request card, page 48-B. 


Chilling Chamber 

A new low-temperature chilling 
machine to cool metal specimens for 
impact testing has been announced by 
Cincinnati Sub-Zero Products. The 
new machine permits control of tem- 
peratures from +25 to —135°F. It 
may be moved to any location. It is 
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You don’t have to wait for “wonder alloys” 


Remarkable temperature compensation, controlled low 
expansion, high permeability, predictable response to 
very weak electrical signals, improved glass-to-metal 
sealing are here today. 


In miniaturization, instrumentation, electronics . . . 
wherever the push is on to make products smaller, 
lighter, more accurate . . . new challenges are being 
met every day by Carpenter High Nickel Alloys. 


4 | Today, Carpenter has the most complete line of proven 
e alloys available for these specialized applications. Let's 
discuss their part in your present and future NOW! 


Complete information on Carpenter High Nickel Alloys is 
contained in the most authoritative and useful set of book- a 


lets ever published on this type of alloys. We'll be glad to agg 
see that you get the data you need if you'll drop us a line 


on your Company letterhead. 


nickel 


The Carpenter Steel zz 133 W. Bern St., Reading, Pa. 
Export Dept.: The Carpenter Steel Co., Port Washington, N. Y—“CARSTEELCO” 
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24 in. high and the chilling chamber 
has a 2-cu.-ft. capacity. Thermal cap- 
acity is approximately 400 Btu. per 
hr. at —120° F. The system has two 
% hp. hermetic motor compressors. 

For further information circle No. 601 
on literature request card, page 48-B. 


Furnaces 

A new line of high temperature 
electric furnaces for research, quality 
control and small scale production has 
been announced by the Harrop Elec- 
tric Furnace Div. Standard furnaces 
are available in six models, ranging 
in firing chamber size from 7 by 7 by 
9 in. up to 36 by 36 by 40 in. Small 


units are built with furnace and con- 
trols in one cabinet; larger models 
have a separate transformer housing 
and control panel. Standard equip- 
ment includes auto-transformer, cir- 
cuit breaker, input ammeter, 36-step 
tap switch and temperature control 
system. Silicon carbide heating ele- 
ments provide an operating range to 
2800° F. 

For further information circle No. 602 
on literature request card, page 48-B. 


Tester 


The Allegany Instrument Co. has 
announced a prototype high rate 
tester for the measurement of tensile 
and compressive properties of ma- 
terial at high rates of deformation. 
It is capable of exerting loads at de- 
formation rates as high as 6000 in. 
per min. To test a material, the oper- 
ator clamps a specimen in the tension 
or compression jaws of the machine. 
He then depresses the calibrate 
button and a series of dots are placed 
on a photographic record by the elec- 
tronic section of the high rate tester. 
These dots represent increments of 
stress in the vertical direction, and 
strain in the horizontal direction. The 
operator then depresses the operate 
button and the specimen is distorted 
at a preselected rate. Both the dis- 
tortion and load are recorded on the 
photographic record as a stress-strain 
curve. In addition, timing dots are 
put on the record while the specimen 
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Metal Forming | 


“Draw Benchke 


Core of Your Nuclear Planning 


FENN PRECISION ROLLING MILLS are made in a complete range of sizes and types 
for laboratory, pilot run and production. They are designed and built to meet the 
requirements of nuclear metallurgy, including the newest and toughest metals. They 
can be supplied in both vertical and horizontal types with complete instrumentation 
for remote control and hooding where necessary. 


FENN ROTARY SWAGING MACHINES are the invaluable precision production tools 
for nuclear metal forming . . . hot or cold . . . without producing chips. A complete range 
of sizes with capacities from %2" to 6” diameter. Models also available for internal 
reductions and with special length dies. Compact self-contained unit facilitates hooding. 


FENN DRAW BENCHES AND TURKS HEADS—fFenn makes both hydraulic and 
mechanically actuated draw benches with capacities from 2,000 to 40,000 pounds pull. 
Variable drawing and return speeds to fit your specific requirements. Fenn Turks 
Heads, with infinite adjustment of rolls, are a valuable accessory to draw benches 
for producing almost limitless shapes in wire, rod, or tube. 


For engineering services 
or literature, write 
NUCLEAR MACHINERY DIVISION 


FENN MANUFACTURING CO. * 501 Fenn Road * Newington, Conn. 


| j by Rolling Mills 
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“WE'D BETTER GET TRANSPARENT SUNICUT FOR THESE 
JOBS WHERE WE HAVE TO SEE THE WORKPIECE. JOE 
JUST CAUGHT HIS NOSE IN THE THREADING MACHINE.” 


For precision cutting... 


TRANSPARENT SUNICUT OILS ASSURE 


YOU GOOD VISIBILITY, PEAK PRODUCTION 


Transparent Sunicut® oils, including heavy-duty and 
dual-purpose oils, are available in many grades to suit 
your specific needs. They give outstanding results...espe- 
cially where precision cutting is required. 


Their transparency takes the “blinders” from work 
that needs close watching, permitting close product con- 
trol, faster production, lower unit cost. Machine operators 
like Sunicut’s “cleanliness.” Most important, transparent 
Sunicut oils assure you of good finishes. 


For full information about Sunicut cutting oils, call 
your Sun representative, or write to SUN OIL COMPANY, 


Transparent Sunicut oils assure excellent finish . ‘ 
in critical operations at close tolerances. Good Philadelphia 3, P a., Dept. MP-3. 


visibility speeds production. 


INDUSTRIAL PRODUCTS DEPARTMENT 


SUN OIL COMPANY 


Philadelphia 3, Pa. 
in Canada: Sun Oil Company Limited, Toronto and Montreal Sten Gh Genie 
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is being stressed. From this record, 
the rates of deformation, ultimate 
yield, elastic modulus, effect of defor- 
mation rates on elastic modulus and 
tensile strength, effect of tempera- 
ture on tensile elongation are de- 
termined. 


For further information circle No. 603 
on literature request card, page 48-B. 


Thread Checker 


A new gage capable of checking and 
indicating pitch diameters of any 
specified pitch has been announced by 
the Sheffield Corp. It requires no spe- 
cial wires or attachments, can be op- 
erated mechanically to obtain pitch 
diameter readings from 0 upward 
on a dial graduated in 0.0001 in. The 
device uses one pair of gaging tips 
for each pitch of thread to be checked. 


These tips have threaded shanks and 
are interchangeable to check pitch of 
any straight screw thread. A knob 
located on the gaging head enables 
the operator to select either a 16 or 
40 oz. gaging pressure and other gag- 
ing pressures are available to meet 
special requirements. Parts are rolled 
slowly into position between the 
gaging tips and p.d. variations are 
read plus or minus on the dial. 


For further information circle No. 604 
on literature request card, page 48-B. 


Phosphating Compound 

The development of a compound to 
impart an iron phosphate coating of 
80 to 120 milligrams in metal spray 


washing machines has been announced | 


by Oakite Products. The new com- 
pound cleans and phosphates in a 
three-stage operation. It is used at 
1% to 2% oz. per gal. of water in the 
first stage of the washing machine. 
It is followed by a hot water rinse, 
then by hot chromic acid or Oakite 
CrysCoat FH rinse. It will clean alu- 
minum, zine and brass, as well as fer- 
rous metals. 


For further information circle No. 605 
on literature request card, page 48-B. 
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Recorder 
A new 2-pen 2-zone recording in- 
strument for comparative measure- 
ment in both the laboratory and 
on the production 
line has been an- 
nounced by Wes- 
ton Electrical In- 
strument Corp. 
This recorder is 
actually two in- 
dependent instru- 
ments one, 
housed in a case 
measuring 17% in. wide to fit stand- 
ard relay racks. It employs two elec- 
tronic amplifiers of special plug-in 
type for easy servicing and two sep- 
arate measuring circuits with replace- 
able range standards for quick range 
change on either one or both zones as 
desired. The recorder is available 
with semi- or fully automatic stand- 
ardization on potentiometer. 


For further information circle No. 606 
on literature request card, page 48-B. 


Coating Testing 

A new instrument for testing the 
hardness of nonmetallic coatings on 
metal has been announced by Crown 
Cork & Seal Co. The device can test 
all forms of coated metal, including 
flat stock. A stylus, linked by elec- 


tronic circuit to an electronic tube, 
rests on the surface of the sample 
being tested. A spool-shaped weight 
is applied in gradually increasing 
degrees to the stylus. If the weight is 
sufficient to cause the stylus to pierce 
the coating and thus establish contact 
with the metal of the specimen, the 
thyratron tube closes a relay and a 


needle points to a figure on a scale, 
representing the number of grams of 
weight required to break through the 
coating. 


For further information circle No. 607 
on literature request card, page 48-B. 


Continuous Casting 

The development of a new con- 
tinuous casting machine handling 
both heavy and light nonferrous 
metals has been announced by Lobeck 
Casting Processes, Inc. The machine 
is capable of producing billet sizes 
from 3 to 20 in. in diameter and 


“For Scientists Everywhere” 


THE BURRELL CARBOTRANE 


FAST, ACCURATE, EASY-TO-USE 
FOR CARBON DETERMINATIONS 


The Carbotrane is a complete, compact 
carbon train for gravimetric carbons- 
by-combustion. It may be used with 
any laboratory furnace for carbons. 

Uniformly pre-packed absorption 
bulbs are simply discarded when ex- 
hausted and quickly replaced with 
spares! 


CAT. NO, ITEM PRICE 
24-928 Carbotrane, Model 120—(double train) 105.00 
24-923 Carbotrane, Model 110—(single train) 70.00 


Ask for Bulletin No. 323 


Prices listed ore F.O.8. Pittsburgh, Pa. 


BURRELL CORPORATION 
Scientific Apparatus and Laboratory Supplies 
2223 Fifth Avenue, Pittsburgh 19, Pennsylvania 
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for 
powdered 
metal 
production 
economy 


DORST AUTOMATIC PRESS 
TYPE DA 


These are fully mechanical presses 
with hydraulic pressure indicator, 
utilizing a tooling system with full 
“floating-die" action and enabling 
the manufacturer to make parts 
to close dimensional tolerances. 
Dorst's compacting process assures 
uniform density and conformity 
from piece to piece in production 
runs. This tooling and compacting 
method has been recognized by 
leading authorities in this field for 
many years the world over. 


FEATURES: 
@ High depth of fill from 5¥2” to 
7-1/16” depending on size of press. 
@ Extremely simple set-up and change- 
over mokes these presses economical 
. for large and small runs. 

Optional equipment: Synchronized 
‘Saag conveyor belt and pick-up mechanism 
to transfer fragile pieces to conveyor 
belt or to lift pieces from die cavity. 
We have engineering facilities to aid the manufacturer in the 
production of intricately shaped forms, especially in the design and 
manufacture of tools. Available sizes: 15, 25, 50 and 110 tons. 


Write TODAY for complete technical data 
ARNHOLD CERAMICS, INC. 
DORST DIVISION 
Sales and Engineering Organization for U. S. and Canada 
1 East 57th Street, New York 22, N. Y. 


Hundreds of installations 
over the past few years 
have proved the economy of 
the only hardness tester 
which combines all scales 
of Rockwell Test (15 to 

150 kg. loads). 

The Kentrall cuts costs 
because it does the job of 
two conventional testers, 
requires only half the space 
and maintenance. Write for 
more detailed information, 
plus a list of prominent 
users who have switched 
to Kentrall. 


peice $680, 
KENTRALL 


THE TORSION BALANCE 
COMPANY 
Main Office and Factory: 
Clifton, New Jersey 
Sales Offices: 
Chicago, San Francisco 


Applications 


a's 


THERMOCOUPLE WIRE 


Thermo Electric makes and stocks a countless variety of 
thermocouple and extension wires, both solid and stranded 
conductors—for ony application, for all conditions. In fact, 
on T-E's shelves are over 1500 different wire combinations of 
advanced insulations, all standard calibrations, and gage 
sizes from 11-40—the widest selection known. Metallic 
armor overbraids of many hi-temp materials provide extra 
mechanical protection and electrical shielding. Whatever 
you need, in wire or multi-conductor cables, T-E has it. 
Prompt delivery. 


Write for T-E Wire Bulletin 31-WS-H. 


Thermo Electric 


SADDLE BROOK, NEW JERSEY 
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large, and simultaneous casting of as 
many as 20 multiple strands is fea- 
sible. The automatic casting equip- 
ment can be arranged for either con- 
tinuous or semi-continuous operations. 
Since the semi-continuous machines 
can produce multiple strands up to 
25 ft. in length, it is usually not 
necessary to go to continuous arrange- 


ment. Molten metal is fed into the 
molds under automatic flow control, 
maintaining a rate equivalent to the 
rate at which the solidifying castings 
move downward. The short length of 
the mold and its high thermal conduc- 
tivity facilitate rapid solidification of 
the metal. The ingots are further 
cooled by controlled water sprays and 
finally, are immersed in the water 
contained in a welded steel tank. 


For further information circle No. 608 
on literature request card, page 48-B. 


Press 

A 1000-ton hydraulic press for hot 
piercing high-explosive 8-in. shells 
has been announced by Hydraulic 
Press Mfg. Co. It has a bed area of 
66 by 60 in., 98 in. daylight, 60 in. 
stroke, and is equipped with a 150-ton 
hydraulic ejector. The main ram has 
a closing and return speed of 1000 in. 
per min. and a pressing speed of 600 
in. per min. The press is equipped 
with a pressure vessel of sufficient 
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SEND FOR 
YOUR 


With the recently developed DEOXO 
and BLACK FLUX added to the line of 
APW Fiuxes, you can at last key the 
selection of flux to the precise require- 
ments of the job in production. 

Do this to get easier, more rapid, 
consistent production, greater econ- 
omy and fewer rejects. Our fluxing 
manual “A Complete Guide To Selec- 
tive Fluxing For Low Temperature 
Silver Brazing” provides all the data 
you'll need to know why and how to 
make the correct selection of flux. 

Write for your copy, today! We'll 
be glad to rush it to you by return mail 
—no charge, of course. * 7 


THE SILVALOY DISTRIBUTORS 


BURDETY OXYGEN COMPANY OLIVER H. VAN HORN CO., INC. EDGCOMB STEEL COMPANY STEEL SALES CORPORATION 
CLEVELAND «+ CINCINNATI NEW ORLEANS, LOUISIANA PHILADELPHIA, PA.» CHARLOTTE,N.C. CHICAGO, ILL. « MINNEAPOLIS, MINN. 
COLUMBUS + AKRON + DAYTON FORT WORTH, TEXAS + HOUSTON, TEXAS BALTIMORE, MD. + YORK, PA. INDIANAPOLIS, IND. + KANSAS 
YOUNGSTOWN + MANSFIELD + FINDLAY NOTTINGHAM STEEL ¢ any KNOXVILLE, TENN. CITY, MO. « GRAND RAPIDS, MICH. 
MAPES & SPROWL STEEL COMPANY = PACIFIC METALS COMPANY MICK. ST. LOUIS, MO. 
UNION, NEW JERSEY NEW YORK CITY SAN FRANCISCO, WIS. 

EAGLE METALS COMPANY EDGCOMB STEEL OF NEW ENGLAND, INC. SALT LAKE CITY, UTAH LICENSED CANADIAN MANUFACTURER 
SEATTLE, WASH. + PORTLAND, ORE. MILFORD, CONNECTICUT LOS ANGELES. CALIFORNIA BAKER PLATINUM OF CANADA, LTD. 
SPOKANE, WASH. NASHUA, NEW HAMPSHIRE SAN DIEGO, CALIFORNIA TORONTO + MONTREAL 


THE AMERICAN PLATINUM WORKS 


231 NEW JERSEY RAILROAD AVE. + NEWARK 5, N. J. 


(ENGEL HARD INOQUS TRIES) 
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for: 


BRIGHTNESS 


EFFICIENCY 
ECONOMY 


agencies. 


ing bath. 


1308 Persons Court 


in Principal Cities 


There IS a 
BIG DIFFERENCE 


CADMIUM 
BRIGHTENERS! 


ROHCO® SUPER XL 


PERFECTLY BALANCED 


UNIFORMITY 
| THROWING POWER 


The best Cadmium Plating in the 
nation is coming from plating 
baths containing Rohco Super XL. 
Approved and used by most lead- 
ing companies and government 


a FREE SAMPLES 


WRITE for FREE CAD- 
MIUM PLATED SAMPLE 
and for GENEROUS 
TRIAL in your own plant. 
State size of your plat- 


R. 0. HULL & COMPANY, Inc. 


Rocky River 16, Ohio 
Distributors and Stock Points 
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capacity to perform a high-speed pres- 
sure stroke of 19 in. The power sys- 
tem requires 530 hp. for operation. 


For further information circle No. 609 
on literature request card, page 48-B. 


Gas Generator 

Hevi-Duty Electric Co. announces 
a new endothermic gas generator. It 
is a complete unit consisting of a cat- 
alyst-filled heating chamber, gas 
pump, heat exchanger and controls. 


The generator produces 250 cu. ft. of 
atmosphere per hour. When used in 
a standard 230 volt, single phase cir- 
cuit, it does not require a transformer. 


For further information circle No. 610 
on literature request card, page 48-B. 


Counter 


A 7-lb. portable electronic counter 
combining plug-in electronic decade 
and five-digit mechanical register 
has been an- 
nounced by Per- 
formance Meas- 
urements Co. De- 
sign consists of 
an input ampli- 
fier, pulse shaper, 
plug-in electronic 
decade unit and 
register. It is 
capable of count- 
ing rates up to 12,000 per min. (200 
per sec.) Count capacity is 999,999 
with an accuracy of + one count. It 
operates on 105 to 125 volts a.c. and 
has 90 volts d.c. accessory power. 


For further information circle No. 611 
on literature request card, page 48-B. 


Cooling Compound 

A new cooling compound for use 
while cutting and grinding aluminum 
has been announced by the Interna- 
tional Chemical Co. According to the 
manufacturer, it penetrates to the 


STRAITS 


TIN 
REPORT 


New developments in 
the production, mar- 
keting and uses of tin 


MALAVYAN 


Malaya’s 780 active inines produced 
62,295 long tons of tin-in-concentrates 
in 1956, the most since 1941. Output is 
continuing at a high level in 1957. 


Straits tin is shipped from Malaya to 
the United States by three routes other 
than via Suez; so the closing of the canal 
has resulted in only slight delay in 
transit to Atlantic and Gulf ports, none 
to Pacific ports. 


* * 


Straits, the world’s best-known and most 
widely used grade of tin, is used in 
producing the tin plate for 9 out of 
every 10 tin cans made in the United 
States. 

* * 


A new process for coating steel strip 
with tin was recently developed by the 
British Iron & Steel Research Associa- 
tion. Instead of being dipped in molten 
tin, the strip is passed between two rolls 
which convey tin from molten baths to 
both sides of the steel. 


* * 
All of the millions of motor vehicles 
manufactured in the United States in 
1956 contain tin—about 8000 long tons. 
New high-tin solders with unusually long 
life at temperatures as great as 223°F. 
have been developed for use in automo- 
bile radiators having operating pressures 
up to 16 psi. 

* * * 


A newly discovered alloy of zirconium, 
tin (4%) and molybdenum (1.6% ) has 
four times the creep strength of pure 
zirconium at 930°F. This alloy can be 
readily rolled at 1470°F., and can be 
heat-treated to a strength of 140,000 psi. 


Ask us to send you TIN 
NEWS, a monthly letter. 
it will keep you posted 
on tin supply, prices, new 
uses, and applications. 


The Malayan Tin Bureau 


Dept. 25C, 1028 Connecticut Ave., Washington 6, D.C. 
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4 make hardness tests 
ANYWHERE 


Slug Casting Machine 
for Aluminum Forging 
and Aiuminum Impact 
Extruders! 


Kere is Stroman’s newest invention that casts 
from ingots in one complete operation 


ing possible fo produce perfect slugs, ready 

for farging or éxtrusion, of o speed heretofore with this lightweight, portable / 
thought impossible. Some sizes produce as 

many @s 1500 pieces an hour... and - NEWAGE TESTER 

a die can be constructed to fit your specific needs. © no clamps, no jaws Test any size, shape or type of metal 
Operation is tompletely auiomatic, operation @ no restrictions to size, shape or | anywhere! Use the versatile, 30 oz., 
is simple, and it saves a lege umount of type motel portable, precision NEWAGE tester and 
mon-hours in production. | is foolproof, © no calculations or conversions eliminate the time, trouble and labor of 
producing perfect slug: every time, for ane @ no skill required getling work to a bench tester. Just 
or extruding, with no return scrap metal. © accuracy guaranteed by individual | Press the hand grips and get answers in 


calibration 30 seconds— inside or outside the plant, 
sho opera’ bd 
urgical in scales corresponding to | Office or laboratory. 
kwell and Brinell Write today for demonstration or booklet 
perfection of each slug... even make some slugs 


| NEWAGE INTERNATIONAL, INC. 


222 OLD YORK ROAD + JENKINTOWN, PA. 
Suburb of Philadelphia 


DESTRUCTIVE 
MICRO-HARDNESS 
TESTER AND 
METALLURGICAL 
MICROSCOPE 


This instrument determines 
hardness of precision-ground or 
lapped parts, fine wires, very thin sheet stock, cutting tool 
edges, ball bearing components as well as the more com- 
monly tested parts. 

Non-destructive because the indenting load ranges only 
from 25 to 1000 grams and the disturbance of the surface 
material is less than .000010”. The spot to be indented can 
be located within .0002”’. 

As a metallurgical microscope, magnifications of 200X and 
400X are provided, with the option of using a camera for 
photomicrographs. 

oe Data Sheet to THE SHEFFIELD CORPORATION 
eocerion 1, Ohio, U.S.A., Dept. 39 
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TO recognize 


superior quality 


SCOVILL 
brass and 

aluminum 

bearing this mew trademark identification 


made beter 
2 beeng oul The BLET 
yout 


MANUFACTURING COMPANY 

MILL PRODUCTS DIVISION 

98 MILL ST., WATERBURY 20, CONN. 
PHONE PLAZA 4-1171 


it's Pow 


to this 


standard 


BRASS STRIP and SHEET 


Cold-rolled from inherently SOUND and UNIFORM bar castings produced by the unique 
Scovill-engineered FLAT-METAL CONTINUOUS CASTING process, assuring fabricators dependable uniformity 
in alloy composition, temper and grain size . . . freedom from internal or mechanical defects . . . in the industry's 

longest weld-free coils when needed . . . with rapid deliveries from fast production cycles. These and many other 
oe Scovill PLUS VALUES. including new modern packaging, are designed to 


being the BEST ttt your fabricated produce 


Scovill Manufacturing Company, Mill Products Division, 99 Mill Street, Waterbury 20, Connecticut. Phone Plaza 4-117] 


scs7 


: ‘a = 

= F i 

| 

q 
H 
q 
| 


point of contact swiftly and prevents 
premature loading of grinding dust 
on the wheel. This increases the life 
of cutting tools by virtually elimin- 
ating the welding of chips. It is also 
claimed that this cutting compound 
prevents stain or discoloration. It is 
a special blend of mineral oils and 
synthetics that will not become rancid. 


For further information circle No. 612 
on literature request card, page 48-B. 


Laboratory Furniture 

Four extra-deep Formica bench tops 
to add work space to laboratory in- 
stallations have been announced by 
Fisher Scientific. Manufactured in 


4 


2, 3 and 4 ft. widths and in a 5-sided 
corner-unit shape, the tops are 30 in. 
deep. A layer of aluminum foil backs 
up the Formica and it in turn is 
backed by a 9-layer plywood. 

For further information circle No. 613 
on literature request card, page 48-B. 


Induction Heating 

A new 400-cycle induction-type 
heating unit has been announced by 
Hobart Brothers Co. The unit per- 
mits preheating and stress relieving to 
be carried out in a continuous cycle 
without necessity of moving the 
weldment for furnace treatment or 
other operation. When the preheat 


temperature has been selected, the 
controlling instrument heats to this 
temperature and holds it until weld- 
ing begins. After the weld is com- 
pleted, the instrument automatically 
starts the desired stress relieving 
program. 


For further information circle No. 614 
on literature request card, page 48-B. 
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new... booming... stainless steels 
call for alloy purity 


and ELECTROMANGANESE has it 


Lower cost . . . better mechanical properties . . . and 
improved appearance are giving tremendous impetus 
to the new high-manganese stainless steels. Best of all, 
for those who have been working in the old high- 
nickel alloys, the new 200 Series requires no change 
in production operations, and possibly effects some 
savings. 

But—high manganese content means pure manga- 
nese . . . electrolytic manganese. Most of the new 
alloys cannot tolerate more than a trace of carbon, 
phosphorous, or lead. Foote Electromanganese, with 
99.98% manganese content, gives you this purity. 
Hydrogen is as low as 150 ppm, and even this can be 
reduced to 7.5 ppm in a Hydrogen-Removed Grade. 
Nitrided manganese is available in Foote’s high-purity 
Nitrelmang®. But just as important as purity, and as 
a direct result of it, these Foote alloying agents enable 
you to get the necessary manganese content in the 
most economical way. 

If you want to exploit these promising new steels, 
one of our engineers will be glad to contribute Foote’s 
knowledge of more than 17 years experience in 
electrolytic manganese alloying. A letterhead request 
will bring information promptly from our Technical 
Literature Department, Foote Mineral Company, 424 
Eighteen West Chelten Building, Philadelphia 44, Pa. 


oO SALES OFFICE: Electromanganese Div., Knoxville, Tenn. 
RESEARCH LABORATORIES: Berwyn, Pa. 


PLANTS: Cold River, N. H.; Exton, Pa.; Kings Mountain, N. C.; Knoxville, 
Tenn.; Sunbright, Va. 


ELECTROLYTIC MANGANESE METAL . WELDING GRADE FERRO ALLOYS . STEEL ADDITIVES 
COMMERCIAL MINERALS AND OXIDES ° ZIRCONIUM & TITANTIUM . (1ODIDE PROCESS) 
LITHIUM METAL, CHEMICALS, AND MINERALS ° STRONTIUM CHEMICALS 


MINERAL COMPANY 
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A Ward Leonard Type M Vitrohm 
rheostat using contacts made from 
extruded shapes 


Ingenious application eliminates 
hand assembly, makes absolutely 
uniform stationary contacts in 
Ward Leonard power rheostats 


CROSS SECTION VIEW of a Ward Leonard Vitrohm Type S rheostat 
showing how contacts are embedded in a vitreous enamel. 
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Ward Leonard Electric Co., Mount Vernon, N. Y., makes 
a line of high quality power rheostats marketed under the 
trade-name Vitrohm. Anywhere from 41 to 161 individual 
stationary contacts, or buttons, have to be embedded with 
their resistance elements in an insulating vitreous enamel— 
all contacts uniformly set and spaced, for uniform perform- 
ance. Their patented process originally used buttons blanked 
out of sheet brass—hand assembled and spaced on a steel 
wire to hold them while the vitreous enamel was fired. 

Ward Leonard refined the process and for four models 
now starts with the extruded shapes shown above. The stock 
is accurately slotted for correct spacing, forming a continu- 
ous line of buttons connected by a triangular “wire”—which 
is an integral part of the extruded shape. When sections are 
curved, the buttons remain uniformly spaced and oriented. 
After the button assemblies are embedded in the vitreous 
enamel, the connecting wire is easily milled off. Ward 
Leonard gets absolute uniformity with less effort and fewer 
rejects—it gets healthy dollar savings, despite the fact that 
more than half of the extruded shape is milled out. 

Imagination applied to extruded shapes can pay big 
dividends—lower direct labor costs—fewer machining opera- 
tions—less scrap—improved product quality. Your Anaconda 
representative will be glad to work with you. The American 
Brass Company, Waterbury 20, Conn. In Canada: a 
American Brass Ltd., New Toronto, Ont. 


ANACONDA 


EXTRUDED SHAPES 
Short cuts to a finished product 
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Progress 
with 
TITANIUM . 


TITANIUM 


Test strips of three different metals after partial immersion for 24 hours in the same solution con- 


taining 10% nitric acid and 20% ferric chloride. Only titanium was unaffected. Both metal “A” 
and “B” are commonly used in corrosive processing applications. 


...the lowest cost material of construction? 


@ Although known as a high-priced 
metal, titanium is actually the low- 
est-cost material available in a sur- 
prising number of applications. For 
titanium has exceptional resistance 
to many corrosive media that severe- 
ly attack other specialty metals. 


To evaluate the economies of tita- 
nium try it where you have severe 
corrosion problems. Test and oper- 
ating data indicate outstanding per- 
formance in contact with some of 
the most troublesome industrial 
chemicals — nitric acid, moist chlo- 
rine, chlorinated organic or inorganic 
compounds, etc. 


As to original cost of titanium, per- 
pound price is not indicative, since 
titanium weighs only 56% as much 
as steel. Also, fabrication and other 
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costs of any equipment usually fat 
outweigh the material costs. On the 
basis of typical processing equip- 
ment which has been produced, the 
use of titanium versus stainless steel 
increases original cost by a factor 
of 3. Where there are substantial 
savings in replacement and down- 
time, titanium quickly pays for it- 
self. Titanium in several cases has 
lasted up to 15 times longer than 
conventional materials. 


Let us help you evaluate titanium. 
It may well be the lowest cost mate- 
rial of construction for your process- 


ing equipment. You can obtain 
Mallory-Sharon titanium and tita- 
nium alloys in standard shapes. 
For booklet on Titanium Corrosion 
Properties write Dept. F-3. 


. 
TYPICAL PRESENT 
* APPLICATIONS OF TITANIUM ; 
° Anodizing racks Impeliers 
Condenser Piping 
inserts Process 
Filters vesseis . 
. Heat Steam jet ° 
exchangers diffusers . 


MALLORY Ti SHARON 


MALLORY-SHARON TITANIUM CORPORATION: NILES,OHIO 


Producers of titanium and titanium alloy sheet, strip, plate, rod, bar, billets 
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Absolute Control of Surface Chemistry, 
Minimized Handling Damage" 


George W. Lyman, Chief Engineer, Reed Rolled Thread Die Co. 


CG a "Uniformity of Austenitizing Cycle, 


HERE'S WHY... 


REED ROLLED THREAD DIE COMPANY CHOSE HAYES EQUIPMENT 
TO HEAT TREAT THREAD ROLLING DIES... 


The Reed Rolled Thread Die Company of Holden, Mass., recently installed 
a Hayes LAC furnace equipped with Hayes Ampro process atmospheric control 
to heat treat their flat, cylindrical and planetary thread rolling dies made of 
high carbon-high chrome steel. 

Uniformity of the austenitizing cycle, absolute control of the thread sur- 
face chemistry, and reduced possibility of damage to the thread crests of the 
dies are the outstanding features which led to the selection of Hayes equipment 
and process. 

Temperature in the three zone heating and the water-jacketed cooling 
sections of the furnace is closely controlled. Scaling of the dies has been 
eliminated, and the carbon content of the die surfaces is controlled by using 
dew point measurements to regulate the proportions of dissociated ammonia 
and propane in the furnace atmosphere according to the Hayes formula. By 


heating and cooling in the same piece of equipment, objectionable handling 
damage is minimized. 


YOU 700. ee can find the ideal solution to your yOu TO0. ee can be assured of GUARANTEED 


heat treating problems at C. I. Hayes. The unique Hayes RESULTS designed to improve your product, increase out- 
Laboratory contains an extensive line of production heat put, and reduce unit costs. Let us show you what over fifty 
treating equipment on which to develop customized plant years experience in developing the well known line of 
procedures. If existing equipment does not meet YOUR CERTAIN CURTAIN electric furnaces and allied equipment 


specifications, new equipment will be designed and built can do for you. Write today! 
to suit. 


FREE LITERATURE | 


(C High Speed Hardening [] Stainless Steel Heat Treating 
Tool Steel Hardening Sintering 
Carbo-Nitriding Copper Brazing and Soldering 


Tempering Lead Pot Hardening and Tempering 
)FU RNACES () Vacuum Heat Treating [] Atmosphere Equipment 
Bright Heat Treating Other... 


Established 1905 Street 
800 WELLINGTON AVE. . CRANSTON 10, R. I. City... 
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615. Abrasion Tester 

Bulletin 5409 on new model standard 
abrasion testing set describes machine 
and its operation. Taber Instrument Corp. 


616. Abrasive Cleaning 


Folder on Malleabrasive for airless blast 
cleaning equipment gives advantages, 
grades, equipment it may be used with 
and parts that may be cleaned. Globe 
Steel Abrasive 


617. Abrasive Wheels 

New 74-page abrasive wheel safety code 
includes scope and definitions, handling, 
storage, inspection, general machine re- 
quirements, safety guards, es, 
mounting, and general operating 
rules. Grinding Wheel Institute 


618. Alloy Applications 

New booklet on use of cobalt, nickel 
and iron-base alloys for machinery parts. 
Heat treatment, machining, grinding and 
ae of machinery parts. Haynes Stel- 
ite Co. 


619. ABey Cast 
e 


64-page bulletin A-7l on engineering 
roperties and applications of Ni-Resist. 
Gonestien data com: with gray cast 
iron. International Nickel Co. 
620. Alloy Castings 

8-page bulletin on castings for 


heat treating. Ohio Steel Douadte 


621. Alloy Castings 
Bulletin 3150-G on castings for heat, 
corrosion, abrasion resistance. Duraloy 


622. Alloy Steel 

16-page on t 9115 low-alloy 
steel. rties, fabrica- 
tions, welding. Great Lakes Steel 
623. Aluminum 

12-page booklet on extruded sha 
tube and pipe, coiled sheet, forgings 
properties of aluminum alloys. Revere 


624. Aluminum Cleaner 

Data sheet on acid solvent cleaner for 
aluminum and its alloys. Northwest 
Chemical 


625. Aluminum Die Castings 


Bulletin on design and manufacture of 
aluminum die castings. Hoover Co. 


626. Aluminum Extrusions 
Folder lists alloys used, finishes, trade 
phraseology. General Extrusions, Inc. 


627. Aluminum Finishing 

Bulletin F9881 on process for apply 
conversion coating to aluminum 
zinc. Oakite 


628. Aluminum Paint 

Bulletin on silicone base aluminum 
paint for use to 17000F. Advantages. 
Chem Industrial 


629. Analysis of Nickel Alloys 
52-page Technical Bulletin T-36, “Meth- 

ods for Chemical Analysis of Nickel and 

High-Nickel Alloys.” International Nickel 
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new 
literature 


630. Annealing Furnaces 
8-page illustrated booklet on contin ious 

annealing furnaces. Schematic diagrams, 
otographs, and actual production data. 
ever 


631. Atmosphere Furnace 
Information on mechanized batch-t 
atmosphere furnaces for 43s cyaniding, 

carburizing, clean hardening or car- 
a4 restoration. Dow Furnace 


632. Atmospheres 

12-page bulletin on use of protective 
atmospheres to prevent deterioration 
metals during various heat treating proc- 
esses. General Electric 


633. Atmospheres 

12-page booklet on design and use of 
special atmospheres for industrial fur- 
naces. Continental Industrial Engineers 


634. Barrel Finishing 
20-page catalog of equipment and sup- 
lies. b 


rasive and burni ing media. 
ariables in barrel finishing. be Div., 
Casalbi Co. 


635. Batch-Type Furnaces 

Bulletin SC-174 on furnaces in the oper- 
ating range of 1400 to 17500 F. for various 
heat treating processes. Suction radiant 
tube fired units and mechanized systems. 
Surface Combustion 


636. Beryllium Cop 

12-page Bulletin 6 on advantages of 
beryllium copper and suggestions for 
ordering, including alloys, condition and 
temper, tolerances. Penn Precision Prod. 


637. Black Oxide Coatings 
8-page booklet on black oxide coatings 
a 7 stainless steel and copper alloys. 
-Lite 


638. Brass Ingots 


16-page booklet om new brass and 
bronze ingot produced by C. P. process. 
1. Schumann & Co. 
639. Brazing 


8-page reprint on dip brazing of alumi- 
num assemblies. Design of parts, equip- 
ment used, maintenance, tooling. Ajax 
Electric 


640. Brazing 

8-page bulletin S-1050 on production 
brazing and soldering with automatic 
machines. Construction of custom models. 
Selas 
641. Brazing 

Bulletin 5889 on furnace and induction 


brazing installations and methods. Gen- 
eral Electric 
642. Brazing 


How 28 stator blades are brazed to 
semi-circular brass shroud rin Low 
Temperature Brazing News, No. 75. Handy 
& Harman 


643. Brazing Alloys 


Bulletin on application of six t of 
copper and silver brazing alloys. United 
Wire & Supply 


644. Calibrator 

Bulletin on calibrator for wire strain 
gages, their transducers and thermo- 
couples. Specifications and controls. Alle- 
gany Instrument Co. 


645. Carbide Cutters 

Bulletin on milling cutters using throw- 
away carbide inserts. Prices — specifi- 
cations. Newcomer Products, Inc. 


646. Carbides 

76-page catalog of sintered carbides, hot 
pressed carbides, cutting tools, drawing 
dies, wear resistant parts. Metal Carbides 


647. Carbon Control 
Technical report on instrument for con- 


trol of carbon potential of furnace atmos- 
pheres. Lindberg Eng’g 


648. Carbonitriding 


Literature on Ni-Carb (carbonitriding) 
treatment for surface hardening. Ameri- 
can Gas Furnace 


649. Castings 


Literature on shell or sand castings of 
ArmaSteel, malleable iron 
Central Foundry Div. 


650. Chromate Finis 

File on chromate conversion coatings 
for prevention of corrosion and Paint- 
base treatment of nonferrous metals. 
Allied Research Products 


651. Chromium 


Mining of chromium ore in Rhodesi 
described in Vancoram Review, Fall & 
Winter 1956. Vanadium Corp. 


Chremiom Stainless 


653. Chromizin 
_ 4-page folder descri how to make 


iron powder components resistant to rust 
and wear. Chromalloy Corp. 


654. Coatings 
New 4-page catalog on heat-proof pro- 
tective coatings. Basic types, applications, 


methods of applying and temperature 
ranges. Markal Co. 


655. Coatings 


New bulletin gives uses of various con- 
version coatings for zinc and cadmium. 
Chemical Corp. 


656. Compressors 
12-page data book 107-D gives engi- 
neering information on characteristics of 


turbo-compressors. 18 types of applica- 
tion described. Spencer Turbine = 


657. Continuous Castin 
24-page book, “Better by the Mile,” de- 
scribes 


*s how the Rossi continuous casting 
machine works. History of continuous 
casting. Scovill Mfg. 


658. Controlled Atmospheres 

Bulletin on Dewpointer for reading of 
atmosphere in field and laboratory. Read- 
ily portable, operating on a.c. or enclosed 
battery. Illinois Testing Labs. 


659. Controlled Atmospheres 

Illustrated literature con- 
trolled atmosphere installations. Gas At- 
mospheres, Inc. 


660. Controls 


56-page catalog 857 of automatic con- 
trols for heating and industrial applica- 
tions—pressure, temperature, liquid level, 
etc. Mercoid Corp. 


661. Conveyors 

Bulletin MF-200 on conveyor standardi- 
zation describes prefabricated sections for 
making customized conveyors. May-Fran 
Engineering 


662. Coolants 


Catalog on compounds for rolling, 
extrusion, stamping, 


blanking, forging, 


Annealing copper wire necessitates cooling 
in an oxygen-free atmosphere to prevent 
harmful oxidation. For the required pro- 
tective atmosphere in this process, the 
Belden Mfg. Co., Chicago, Ill., generates its 
own inert gas. But the generating equip- 
ment formerly used by Belden did not 
operate reliably . . . results were erratic. 
So Belden installed two Model MIHE 
Kemp Inert Gas Generators to handle 
this important job. 


And Kemp Handles the Job 
These two Kemp units assure Belden of a 
dependable inert supply. They deliver a 
more constant flow at the rated pressure 
. . » have been operating smoothly and 


satisfactorily since installation. Kemp’s 
ability to produce a chemically clean inert 
at a specific analysis regardless of 
demand eliminates the danger of fluctua- 
tion at a critical stage. 


Kemp Units Engineered for Service 
Like Belden, you specify reliability when 
you specify Kemp. Every. Kemp design 
includes the Kemp Industrial Carburetor 
for complete combustion without tinkering, 
without waste . . . for simplified installation 
and maintenance. Every Kemp design 
includes the very latest fire checks and 
safety devices. Annealing, hardening, sint- 
ering—whatever your problem, find out 
today how Kemp engineers can help you. 


information, write for Bulletin 
THE C. M. KEMP MFG. CO., 405 East 
Oliver Street, Baltimore 2, Md. 


}INERT GAS GENERATORS 
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- 
Generator® 
How Belden utilizes two Kemp 
f 
Generators in annealing copper wire 
Generator on first floor of 
plont is enclosed in wire 
a cage to prevent tampering 
| 
ORE CARBURETORS + BURNERS + FIRE CHECKS 
BALTIM 


drawing, cutting and grindi Cleaning, 
one and strip pping Interna- 
tional Chemical 


663. Copper Alloys 
40-page technical data book on eleven 


os alloys. Properties, cleaning, an- 
nealing. Seymour 


664. Copper Alloys 


60-page catalog on phosphor ~—— 
nickel silvers, beryllium copper, cu 
nickel. Chemical and physical data. - 
neering tables. Riverside Metal 


665. Creep Testing 


Bulletin 4208 on five types of creep test- 
ing machines for standard sized metal 
specimens. Baldwin-Lima-Hamilton 


666. Decarburization 


8-page booklet on effects of decarburi- 
zation on tool steels tells what it is and 
bt can be done about it. Carpenter 
tee 


667. Definitions 


36-page glossary of over 150 terms on 
cast iron. International Nickel 


668. Descaling Process 


8-page bulletin on sodium hydride de- 
sealing process for ferrous and nonfer- 
rous metals. DuPont 


669. Desealing Titanium 

Bulletin 25-T on salt descaling of ti- 
tanium and titanium alloys. History, rec- 
ommended procedure, problems. Hooker 
Electrochemical 


670. Die Casting 

New Bulletin No. 5700 on cold chamber 
die casting machines. Cutaway view 
shows construction of machine. Hydraulic 
Press Mfg. Co 


671. Electric Furnace 


Bulletin on box-type, pre-heat and 
hardening furnace with automatic atmos- 
contamination control. Pacific Sci- 
entific 


672. Electric Furnaces 


Catalog of electric furnaces and ovens 
for hardening, tempering, annealing, 
drawing, dry ying. baking, enameling. 
Cooley lectric fg. 


673. Electric Furnaces 

8-page Bulletin 570 on heat treating, 
melting, metallurgical tube, research and 
sintering furnaces. Custom designs for 
special requirements. Pereny 


674. Electric Furnaces 

Data sheet describes and gives specifi- 
cations of standard non-metallic resistor 
furnaces. Harrop Electric Furnace Div., 
Harrop Ceramic Service Co. 


675. Electrocoated Wire 

8-page bulletin on new wire materials 
—Nickelply and electrocoated 
steel wire. How it may formed bent 
and twisted without breaking the coating. 
National Standard 


676. Electrodes 

8-page reprint on rate at which arc 
welding electrode melts in submerged arc 
welding. Linde Air Products Co. 


677. Electron Tubes 
12-page bulletin in industrial use and 
| care of electron tubes. sheets 
‘or tube life records. Machlett bora- 
tories 


678. Electroplating 

Bulletin on Seectropitting lists key 
characteristics of 16 processes. Hanson- 
Van Winkle-Munning 


679. Fasteners 

32-page catalog 55 on parts for welding. 
Index includes small yy of each part. 
Custom parts. Ohio Nut & Bolt 


680. Ferro-Alloys and Metals 
104-page book gives data on more than 

250 different alloys and metals produced 

by the company. Electro Metallurgical 


681. Finishes 

Pocket-sized booklet covers blackening 
compounds, alkaline cleaners, strippers, 
lacquers, enamels, rust removers. Enthone 


682. Finishing 

Technical data folder on Roto-Finish 
process, chips and compounds. Line of 
standard and special machines. Roto-Fin- 
ish Co. 


683. Firebrick 

28-page bulletin R-34 on p: rties and 
characteristics of 5 kinds a firebrick. 
Typical applications. Tables of brick 
quantities for arches of different sizes 
and shapes. Babcock & Wilcox, Refrac- 
tories 
684. For 

4-page brochure on process for cold 
superalloys. Case histories. Im- 
pact Products, Inc. 


685. Forgings 
Series of articles on modern forging 
methods. Hill Acme 


686. Forgings 

Handsome 32-page brochure on large 
forgings for turbine shafts, rotors, drop 
hammer anvils, rolls. U.S. Steel 


687. Forgings 

12-page booklet on how forged weldless 
rings and flanges are made. Case his- 
tories. Standard Steel Works Div., Bald- 
win-Lima-Hamilton 


NEW ULTRASONIC SYSTEMS SPEED METAL WORKING— 
Cleaning, Soldering, Drilling, Plating, Finishing 


» Acoustica is now supplying large and small ultrasonic systems to speed all types of metal 
working processes, to improve quality and reduce operation costs. Acoustica systems 
consist of banks of high power transducers which may be submersed or externally mounted 
in existing equipment of virtually any shape and size. These transducers generate sound 


waves which cause an explosive 


Acoustica’s low cost Ultrasonic Clean- 
ing Console (PP-1) entirely self-con- 
tained mobile machine cleans com- 
pletely assembled relay assemblies in 


cleaning tank, recirculating filter sys- 


CLEANING Ultrasonic 


“cold-boiling” 


APPLICATIONS 


“cold boiling’ in common solvent or detergent solutions literally tears away ¢ 


s from precision gear assemblies, sheet and strip metals 
other difficult-to-clean products. disassembl 


scale, and dirt in a matter of second 


ly labor, chemicals and floor space. 


Ultrasonically ~ solder permits fluxless ag of similar and dissimilar metals such as 
and other non-ferrous metals i 
during soldering ‘ond allows wetting action to take place. 


Ultrasonic energy gives a more uniform, non-porous plating job at lower current densities, thus 


saving time, labor, machinery, and chemicals. 


Ultrasonic motion, reciprocating rather than a. makes possible drilling of the most oc ow 


shaped holes in hard as well as brittle materia 


and carbides 


above photo. Features three gallon ACOUSTICA ASSOCIATES, INC. Glenwood Landing, Long Island, N. Y. 


effect throughout a liquid, such as a 
cleaning solution, solder, abrasive slurry, or molten metal. Low-cost ultrasonic generators 
are available, ranging in size from 50 watts to 150 kilowatts. All Acoustica systems are 
readily adaptable to fully automated processing. 


Ultrasonic cleaning saves 


s method prevents oxides from forming 


including glass, ceramics, tool steel, jewels, 


tem, reliable magnetostrictive trans- 
ducer with 1600 watt peak power gen- 
erator. Operates immediately from 
115V, 50-60 cps, as delivered. 


FREE ULTRASONIC 


PLATING 
SOLDERING 
DRILLING 
GRINDING 
PICKLING 


Check list below to receive information on specific applications: 


CLEANING AND DEGREASING IMPREGNATION 
(CD FEED WATER DEGASSING 


DC LIQUID LEVEL SENSING 
(CD DEGASSING MELTS 

CHEMICAL PROCESSING 
QUENCHING 


Dept. MP 


DESIGNERS AND MANUFACTURERS 
OF ULTRASONIC SYSTEMS 
FOR ALL INDUSTRIES 


There's an Acoustica representative to help you anywhere in the U.S. and abroad. 
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HOUGHTON SELLS HEAT TREATING RESULTS 


“Shirt-sleeve’’ service, on your job and in your plant, goes with 
every Houghton salt you buy. A team of specialists is added to your 
heat treating staff—men who are backed up by many years of 
experience and the most extensive research facilities in the business. 
It is their job to see that you get the heat treating results you want, 
no matter how difficult the assignment. 

Ask the Houghton Man how you can get fast, uniform metal 
treatment, batch after batch. He’ll recommend the salt you need — 
for tempering, martempering, annealing, quenching, carburizing, 
nitriding, normalizing and hardening of metals. And he’ll stay on 
the job till you get the results you want. 


This extra Houghton service is yours for the asking. Just talk to 
your Houghton Man or write direct to E. F. Houghton & Co., 
303 West Lehigh Ave., Philadelphia 33, Pa. 


LIQUID SALT BATHS ... products of 


Ready to give you 
on-the-job service... 
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688. Forgi 

Bulletin on —y steelmaking, open die 
forging, machining, heat treating and 
finishing. National Forge 


689. Forgings 

page book on die blocks and heavy- 
duty 20 pages of tables. A. 
Finkl & Sons 


690. Forgin 

Chart on metallurgical problems en- 
countered in closed die for, rgings and how 
they can be solved. Drop Forging Assoc. 


691. Forgings 

Data on forging products and electric- 
ally welded composite die sections. Com- 
posite Forgings, Inc. 


692. Formed Sha 
26-page catalog No. 1555 contains om. 
and dimensions of more than 


ings 
shapes. Roll Formed Products Co. 


Forming Stainless 
24-page booklet describes processes 
le, contouring shaped sections, 
wing, spinning, upsetting, hot forming 
and forming tubing. Crucible Steel 


694. Foundry Equipment 
4-page booklet on automatic a 
machine tells how it works and type 

ing which may be produced. Carl 
Wesse 


695. Furnace 

Description of new peeing fur- 
nace installed at Bud in Metal 
Minutes, Nov. 1956. Sunbeam Corp. 


696. Furnace Belts 
42-page booklet on alloy steel belts for 
continuous high-temperature furnaces. 
guide. Wickwire Spencer 
tee v. 


697. Furnaces 

Bulletin 435 on furnaces for tool room, 
experimental or small batch production. 
Gas, oil, electric. Muffie or direct heated. 
W. S. Rockwell 


698. Furnaces 

Folder describes co = gy set up for 
heat treatment of small tools, nd “tick 
draw furnace, quench tank and hi 
temperature furnace. Waltz Furnace 


699. Furnaces 
6-page folder on 

electric furnaces. 

Electric Furnace 


as-fired, oil-fired and 
ical installations. 


700. Furnaces 
44-page Catalog 112 features furnaces 
for hardening, tempering, carbonitridin ing, 
ong heating, sintering, annealing 
heat treating. Also atmosphere a 
= and ammonia dissociators. I. 
ayes 


701. Furnaces 
Monthly bulletin on used uipment. 
Metal Treating Equipment Exchange 


702. Furnaces 

Bulletin on electric heat treating fur- 
naces describes five series accessor- 
ies. Lucifer Furnaces 


703. Furnaces 
New catalog on standard and special 
furnaces and ovens to 3000° F. L & L Mfg. 


704. Furnaces 

High-temperature furnaces for r- 
atures up to 2000°F. 
bulletin. Carl-Mayer ber. 


705. Furnaces 

New builetin on graphite tube furnaces 
for temperatures to 5000° F. ting 
limitations, auxiliary and con’ equip- 
ment. Harper Electric 


706. of 
32-page catalog of industrial equipment 
furnace accessories, 


includes furnaces and 


MARCH 1957 


special valves, mechanical equipment, 
—— handling equipment. lem- 
rosius 


707. Furnaces 

12-page reprint on design, construction 
and application of chain belt conveyor 
furnaces. Electric Furnace Co. 


708. Gas Analysis 
Bulletin No. 306 on gas analysis kits for 
on-the-job determinations of carbon 
— or oxygen in flue gases, furnace 
— joes and other gas mixtures. 


709. Gas Analyzer 

Product Specification E65-3 on combus- 
tibles analyzer for atmosphere control. 
Bailey Meter 


710. Gas Generator 

Bulletin 753R on endothermic generetor 
gives construction, principles of opera- 
tion, special features. Hevi-Duty 


Gold Pla 


Folder on salts for bright gold plating. 
Equipment needed. Sel-Rex 


712. Graphite Electrodes 

Vest-pocket notebook containing 9% 
pages of information on electric furnace 
electrodes other carbon products. 
Great Lakes Carbon Corp. 


713. Graphite Refractories 

New 24-page booklet on graphite | 
refractories. Applications in iron 
steel foundries and steel mills. Mesien 
Refractories Co. 


714. Hardening Furnaces 

Bulletin Sc-164 on deni and draw- 
ing furnaces describes wo handling 
mechanisms and heating methods. Chart 
of Rockwell hardness vs. dra tem- 
perature for 40 steels. Surface Com 


75. Hardness Tester 
20-page book on hardness testing by 
Rockwell method. Clark Instrument 


716. Hardness Tester 
Data on hardness 

with equivalent Brinell 

numbers. Shore Instrument 


717. Hardness Tester 
Bulletin on Brinell tester with test head 
for deep and offset testing. King Tester 


718. Hardness Tester 
ge bulletin on tester for both ae hy 
ficial and regular hardness 
sion Balance Co. 


719. Hardness Testers 

Folder on portable hardness testers for 
testing of various sizes, shapes and types 
of metal. Newage International 


720. Hardness Testing 

Bulletins on Wolpert-Gries machines 
for standard Rockwell tests. Motorized 
reflex type for Brinell tests. Gries Indus- 
tries 
721. Hardness Testing 

8-page catalog B-953 on principles — 
standards of Brinell hardness 
types of machines. Steel City Testing 
Machines 


722. Heat Treating 
Bulletin describes baskets, crates, ——, 
furnace parts for heat treating. Stan 


723. Heat Treating 
Data sheets and curves on harden- 
ability, showing how to determine criti- 
hardness, cooling rates to obtain criti- 
cal hardness, from Jominy data. Swift 
Industrial Chemical 


724. Heat T 
Loose leaf data sheets on heat treating 


FREE, MarKAL PAINTSTIK! 


We will send you without cost or obligation a 
MARKAL PAINTSTIK. They are available in 
various types suitable for marking on any kind of 
Hot surfaces up to 2100°F, cold down to / 


material. 


—50°F; acid or alkali conditions; wet, dry, icy, oily, 
rough, smooth. For welding or heat treating .. . 
many others. Markal Paintstiks are Permanent, 


Fadeproof, Weatherproof. 


Cold... Hot... 
down to up to 
— 50°F 2100°F 


USE THIS COUPON OR WRITE ON YOUR LETTERHEAD! 


PAINTSTIK! 


Yes—I want to try marking with a MARKAL 


Here’s what I want to mark: 


Temperature Range : 
Name 
Company 
City. 
My Distributor’s Name & Address 


MARKAL COMPANY corres avenue 12, 


| 
| 
‘ 
4l 


In This 


Automotive F. + 500 to 600 tons 
of iron go throu 


each of the big receiving ladles daily. A 
rammed lining of Norton atunpum refractory cement, six 
inches thick, Sn 10 to 12 weeks, handling an average of 
15,000 tons. Only occasional patching is required. The two- 


of service 


Can your linings 
ake this punishment? 


Proof that ALUNDUM* cement 
gives long life under heavy duty 


Another Tough Spot for linings is this trough, in the same big automotive 
foundry. From 500 to 600 tons of molten iron pour through the trough every 
day. Bottom and sides, from dam to omy end, are lined with aLUNDUM 
cement. Average lining life is 11 to 12 days, during which approximately 6,000 
tons of iron passes through : 


smaller la 
fractory material, after an average of 36 days’ service. 


ton Crane monorail ladles handle 240 tons per day. Their 
linings of aLuNDUM cement, four inches thick, avera 


54 days 
life for a total tonnage of 13,000. "About half these 
dies require patching, with the same Norton re- 


High-melting, long-lasting aLunpDUM ce- 
ment is just one of many Norton R’s — 
refractories engineered and prescribed for 
longer, lower cost service across the range 
of furnace applications. Others include 
CRYSTOLON*, MAGNORITE*, and FUSED STAB- 
ILIZED ZIRCONIA. 

For R}’s that will help maintain hot metal 
schedules and reduce shut-downs in your 
own furnaces, call in your Norton Refrac- 
tories Engineer. Or write to Norton 
Company, 331 New Bond St., Worcester 6, 
Mass. 


NORTON 


REFRACTORIES 


Engineered... Ky ... Prescribed 


*Trade-Morks Reg. U. S. Pat. Off. and Foreign Countries 
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oils, salts, carburizing compounds. Park 
Chemica 


725. Heat Treating 

16-page book on heat treating and 
ickling or stainless steels. Annealing, 
ardening and tempering temperatures 
and resulting properties. Crucible Steel 


726. Heat Treating Ammonia 

24-page “Guide for Use of Anhydrous 
Ammonia” describes heat treating and 
other metallurgical uses. Nitrogen Div. 


727. Heat Treating Belts 
Catalog of conveyor belts and data for 


their design, application and selection. 
Ashworth Bros. 


728. Heat Treating Fixtures 
12-page bulletin on wire mesh baskets 
for heat treating and plating. Wireter 


729. Heat Treating Fixtures 

24-page catalog on heat and corrosion- 
resistant equipment for heat treating and 
chemical processing. 30 classifications of 
equipment. Pressed Steel 


730. Heat Treating Fixtures 
Folder on carburizing boxes, trays, heat 
treat fixtures and baskets. Misco 


731. Heat Treating Fixtures 

32-page Catalog G-10 covers heat and 
corrosion resistant fabricated alloy prod- 
ucts. Includes furnace muffles, trays, fix- 
tures, retorts, pit-type furnace equip- 
ment, salt bath equipment, pickling and 
plating equipment. Rolock, Inc. 


732. Heat Treatment 

Precision heat treatment of jet aircraft 
parts in Metal Minutes No. 5, Vol. 15. 
Sunbeam Corp. 
733. Heaters 


Bulletin on immersion heaters for elec- 
troplating solutions. Glo-Quartz 


734. Heating Elements 

24-page Bulletin H on electric heating 
elements. Includes extensive tabular data 
on physical and electrical specifications 
for various sizes. Globar Div. 


735. High-Speed Steel 

Folder on Electeite Double Six M-2 XL 
tungsten-molybdenum high speed steel 
containing alloy sulphides for improved 
machinability and increased tool life. 
Latrobe Steel Co. 


736. High-Strength Steel 
48-page book on T-1 steel, its properties 
and applications. U.S. Steel 


737. High-Strength Steel 
26-page booklet on properties, uses, 
applications of high-tensile low-alloy 
steel. Jones & Laughlin 


738. High-Tempersture Alloye 

Booklet “Keep Operating Costs Down 
When Temperatures Go Up.” 
national Nickel 


739. High-Temperature Alloys 
28-page reprint on materials for high- 

temperature, high-pressure main steam 

piping. Bibliography. Tempil° Corp. 


740. High-Temperature Belts 

Bulletin T-241 on lts on high-tem- 
perature alloy for heat treat furnaces. 
Electro-Alloys 


741. High-Temperature 


Lubrication 
Bulletin 423 on colloidal graphite and 
molybdenum disulfide dispersions and 
their use for high-temperature lubrica- 
tion. Case histories. Acheson Colloids 


742. High-Vacuum Furnaces 
12-page brochure No. 790 on vacuum 

furnaces for melting and casting titanium, 

zirconium, germanium, copper, iron and 


Inter- 


steel. Also furnaces for annealing, hard- 
ening, brazing. F. J. Stokes 


743. Immersion Heating 
4-page bulletin H-11 on correct selec- 

tion, sizing and installation of equipment 

for immersion heating. Eclipse Fuel Eng. 


744. Impact Testing 
Bulletin on machine for Izod, Charpy 
and tension testing. Riehle 


745. Indicators and Recorders 

New data sheet ND46-27 (100) on elec- 
tronic speed indicators and recorders. 
Leeds & Northrup 


746. Induction Furnace 

4-page folder on combination induction 
melting and holding furnace and auto- 
matic pouring unit. Ajax Engineering 


747. Induction Heaters 

8-page bulletin on new electronic in- 
duction heaters. Specifications for four 
models. Special features. General Electric 


748. Induction Heating 

8-page bulletin on high-frequency 
motor-generator sets for induction heat- 
ing. Ohio Crankshaft 


749. Induction Heating 

8-page bulletin on low and high fre- 
quency ._-——— Charts on depth of 
hardness, frequency selection chart. Mag- 
nethermic Corp. 


750. Induction Heating 

12-page booklet B-6519 on equipment 
for induction heating for forging, hard- 
ening, annealing and metal joining. West- 
inghouse Electric 


751. Induction Heating 

Folder 15C8053A gives advantages of 
induction heating and specifications and 
dimensions of induction heater. Allis- 
Chalmers 


OMATED. 
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Manufacturing Company 
distributed in Canada by CANADIAN LIQUID, AIR CO., LTD., Mohtreal 


RIGHT 


see THIS AT THE 
WESTERN METAL 
sHow—BOOTH 
173 and at 
PHILADELPHIA, AWS | 
SPRING MEETING 
—BOOTH 422 


AUT. | 
_ gives full avtomation,to four welding t= 
"processes. Designed for use with Miller | 
provides automatic, accurate and con- |) 
me arc and inert gas spot 


THE ONE BEST WAY TO SELECT 
HEAT TREATING EQUIPMENT 


Talk it over with the 


1 That is exactly what we can offer you at Lindberg. ' 
= ost “pe rienced furnace A design and engineering staff concerned only with 


the development of equipment for applying heat to ° 
industry. This staff produces the most complete line 

of such equipment in the industry — heat treating fur- 

naces, melting furnaces, ceramic kilns, high frequency 
induction units; big ones, small ones, electric or fuel- 

fired, built in our own plant or field-erected. 


Whatever your requirements Lindberg’s staff will 
study them without prejudice recommending the 
correct equipment to fill them whether you need only 
a simple heat treating furnace or a specially designed 
and developed installation to answer an exceptional 
= problem in a newly-efficient way. You can be sure 
: ou have the right answer when you leave it to 
Get in touch with your nearest Lindberg 
meld Representative. (See your classified telephone { 
Mmectory or write us direct.) 


experts you can find 


berg Carbonitriding and 
Furnace (electric or fuel- 
of the most widely-used 

units in the world. 


2448 West Hubbard Street, Chicago 12, Hlincis 
Los Angeles Plant: 11937 $. Regentview Avea., ot Downey, Collf, 


If you're at the Western Metal Show 
look in on Lindberg at Booth 478 
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752. Induction Melting 
Bulletin 70 on furnace. Controls, de- 
signs. Inductotherm Corp. 


753. Industrial Heating 
Booklet on process heating operations 
for light metals. Michigan Oven Co. 


754. Inoculant 

New 9%6-page booklet on SMZ alloy, an 
inoculant for cast iron. Metallurgical 
aspects of inoculation. How to inoculate 
irons. Electro Metallurgical Co. 


755. Inspection 

New 16-page booklet on magnetic par- 
ticle inspection. Equipment, uses, kinds 
of defects that can be found. Magnaflux 


756. Inspection 

Descriptive information and instruc- 
tions for new inspection process to detect 
surface flaws on all ferrous and nonfer- 
rous metals. Zaco Laboratories 


757. Instruments 

New data sheet ND46-51 (100) on in- 
struments for millivoltage measurements. 
Leeds & Northrup 


758. Insulators 

Bulletin P1-55 on insulators and insu- 
as tubing. McDanel Refractory Porce- 
ain 


759. Laboratory Supplies 

Instruments and apparatus for control, 
research, development laboratories. Har- 
shaw Scientific 


760. Lubricant 


Bulletin 103A on fringe area lubrication 
with molybdenum disulfide lubricants for 
extreme bearing pressures and all tem- 
peratures. Alpha Molykote 


761. Lubricant 
Literature on anti-seize molybdenum 
disulfide lubricant. Bel-Ray 


762. Lubricants 


8-page booklet on colloidal greases, 
forging compounds, hydraulic concen- 
trate and others. Grafo Col 


763. Machining Costs 

12-page “Relation of Machining Time to 
Material Cost”. Comparative machin- 
ability costs aa ton for eleven steels. 
La Salle Stee 


764. Magnesium 

42-page hooklet on wrought forms of 
magnesium. Includes 31 tables. White 
Metal Rolling & Stamping 


765. Malleable Castings 

Continuing series of information bulle- 
tins covering latest techniques and prac- 
tices in modern malleable casting. Malle- 
able Founders’ Society 


766. Malleable Iron 

New 24-page booklet on strength and 
machinability of malleable iron. Metal- 
lurgical characteristics of pearlitic malle- 
able. Albion Malleable Iron Co. 
767. Manganese 

9-page article on electromanganese. 
Manufacturing procedures, product char- 
acteristics, uses. In Foote Prints, V. 28, 
No. 2. Foote Mineral Co. 


768. Master Alloys 

24-page pocket bulletin on high alloy 
materials also includes metric equivalents 
tables, element melting pm, tempera 
ture a tables. Alloy Metal Prod- 
ucts, Inc 


769. Mechanical Cleaning 
Booklet on how brushes are used for 


cleaning welds, stainless sheets, hot cast 
iron, automotive parts, brass fixtures. 
Brush Div., Pittsburgh Plate Glass 


770. Metal Cutting 

64-page catalog No. 30 gives prices and 
describes complete line of rotary files, 
burrs, metalworking saws and other prod- 
ucts. Martindale Electric 


771. Metal Laminates 


8-page bulletin on metals used, advan- 
nom, applications, properties. Bridgeport 
rass 


772. Microscopes 


8-page booklet No. 5 on research micro- 
scopes, stages, illuminators and other 
accessories. American Optical 


Microscopes 


catalog on metallographs, 
lurgical, toolmakers, stereoscopic, 
larizing, phase and other microscopes. 
nitron Instrument Div., United Scientific 


774. Microse 


22-page catalog microscopes 
featuring ball bearings and rollers 
throughout the focusing system and a 
low-position fine adjustment. vip 4 
comfortable operation. Bausch & m 


775. Molybdenum 


72-page book gives data on unalloyed 

molybdenum and four arc-cast alloys. 
Several pages of references. Climax 
Molybdenum 


776. Nickel Alloys 

Wall chart gives apnening properties 
of nickel alloy wire, rod and strip. In- 
cludes Monel, Inconel, Incoloy and 
nickel-clad copper. Alloy Metal Wire Co. 


777. Nitrogen Generator 

New 6-page bulletin No. I-100 gives flow 
diagram and explains operation. C. M. 
Kemp Mfg. Co. 


WIRE 
STRAIGHTENING 
CUTTING 
with Air 


and 


for better 
quality control 


THE | LEWIS | MACHINE COMPANY 


e CLEVELAND 27, OHIO 


3441 EAST 76TH STREET 
MARCH 1957 


@ Greater accuracy with a minimum of spot swell is 
achieved through three important improvements on the 
famous Lewis Travel-Cut Wire Straightening and Cut- 
ting Machines . . . Wichita Air Clutch and Brake and 
Reeves Variable Speed Drive. There are 34 models in 
the Lewis line from .012” to 34” rounds and shapes at 
speeds up to 200 FPM. Write for new brochure. 


No. 8-F High-Speed 
Heavy-Duty, Travel- 
Cut Machine with 
modern Flying 
Shear Cut-Off 
Mechanism. Han- 
dies to %” dia. 
wire at speeds up 
to 200 FPM. 
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COOL PROFITS FROM HOT HEADS 


A touch of ‘dag” 200 on the punch that sinks 
hexagonal recesses in steel screwheads increases 
efficiency 40%, doubles production, and im- 
proves quality. Two operations and a bulky 
machine are eliminated, and 42 square feet of 
floor space gained per machine. Life of the hex 
punches is extended over 500%, 


Before using ‘dag’ 200, the die in the hammer 
head seized and pulled out when punched into 
the white hot blank, resulting in costly rejects 
and downtime. The unique properties of ‘dag’ 


200, a dispersion of molybdenum disulfide, keep 
the hammer slamming 2,500 blanks per die — 
six times more than before. Three hours’ down- 
time is saved per die, and only two-and-a-half 
gallons of ‘dag’ 200 are needed to produce 
21,000 units. 


This is only one of the many Acheson colloidal 
dispersions which keep things moving fast in 
hundreds of industries. Talk with your Acheson 
Service Engineer soon, and write for Bulletin 
426, Metalworking Applications. Address 
Dept. MP-3. 


ACHESON COLLOIDS COMPANY 

Port Huron, Michigan...ailso Acheson Colloids, Ltd., London, England 

ACHESON COLLOIDAL DISPERSIONS: 
® Graphite - Molybdenum Disulfide - Zinc Oxide - Mica and other solids X=) 


Offices in: Boston - Chicago Cleveland - Dayton - Detroit - Los Angeles 
*" Milwaukee - Philadeiphia - New York - Pittsburgh - Rochester - St.Louis - Toronto 
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778. Nondestructive Ins ion 

8-page bulletin on use of ultrasonic 
Reflectoscope describes principles of ul- 
trasonic inspection and its uses. Sperry 
Products 


779. Nondestructive Testing 

8-page bulletin on for 
destructive testing of tubing. 
Magnetic Analysis 


780. Nondestructive Testing 
Data on new nondestructive thickness 
tester. Unit Process Assemblies 


781. Nonferrous Forgings 
34-page booklet on brass, bronze and 

aluminum for r ~ How they are made, 

—= of alloys, tolerances. Mueller 
rass. 


782. Nonflammable Rust 


Preventive 
Bulletin on rust preventive compound 
which is water soluble, nontoxic and 
nonflammable. Production Specialties 


783. Oil Quenching 

8-page brochure tells in detail how 
carbon steel often can replace alloy steel 
when additive is used in the quenching 
oil. Aldridge Industrial Oils 


784. Ovens 

Bulletin 10-S on cabinet ovens de- 
scribes those for use with gas, electric 
and steam heat for temperatures to 600° 
F. Young Brothers 


785. Painting 


Brochure on airless spray painting. 
Bede Products 


786. Patterned Metal 

16-page bulletin B-35 on embossed sheet 
and strip in copper, brass, bronze and 
nickel silver. American Brass Co. 


787. Pickling Baskets 

12-page bulletin on mechanical picklers, 
crates, baskets, chain and accessories. 
Youngstown Welding & Eng’g 


788. Pickling Baskets 
Data on baskets for degreasing, pick- 
ling, anodizing and plating. Jellif 


789. Pipe 

‘page bulletin on Yoloy continuous 
weld pipe. Chemistry, properties, corro- 
<= resistance. Youngstown Sheet & 
ube 


790. Plating 

New 8-page brochure on test equip- 
ment for plating baths. Controls, anodes, 
cathodes, agitators, rectifiers described. 
R. O. Hull & Co. 


791. Potentiometer 

New 8-page bulletin on portable e- 
tiometer with interchangeable di 
reading scales. Technique Associates 


792. Powder Press 

Dorst automatic press for powdered 
metal is described in bulletin. Pressure 
ram stroke and other specifications. Arn- 
hold Ceramics 


793. Powdered Iron 


Properties of Plast/Iron with and with- 
out copper. Plastic Metals Div. 


794. Powdered Metals 

Booklet on design, properties, produc- 
tion and application of brass and other 
nonferrous powder parts. 24 case histor- 
ies. New Jersey Zinc 


795. Precision 
12-page book on alloy “gy and 

design for investment casting 

Precision Casting 


796. Precision Casting 

8-page bulletin on investment 
of various ferrous and nonferrous — 
Engineered Precision Casting 
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797. Presses 

8-page bulletin on new straight side 
crank-type Standard specifications. 
Hamilton i Baldwin-Lima-Hamilton 


798. Pure Metals 
Data sheets on vacuum melted cobalt, 
copper, iron and nickel. Vacuum Metals 


799. Pyrometer 

Catalog 85 on micro-optical pyrometer 
gives outstanding features, operating pro- 
cedure and applications. Pyrometer In- 
strument 


800. Pyrometer Supplies 

56-page bulletin P1238 on thermocouples 
and pyrometer accessories. Engineerin 
data on selection and installation. Bristo 


801. Quench Agitation 
Information on mixers and agitators, 

including units applicable to industrial 

quenching equipment. Mixing Equipment 


802. Quenching 


Catalog on two small self-contained 
quenching units. Bell & Gossett 


803. Quenching 

Bulletin No. 11 on —y oil also 
discusses advantages of quench agitation. 
Sun Oil Co 


804. Quenching Oil 

10-page book on new oils for the 
quenching process gives results on hot 
wire quench test and in plant operation. 
Sinclair Refining Co. 


805. Radiant Heat 

Bulletin HD-740R describes and illus- 
trates construction of radiant heat ele- 
ments and shows how they are installed 
in furnaces. Hevi Duty 


806. Rare Earths 
12-page handbook on rare earth chemi- 


cals, thorium. Applications of rare earths. 
Heavy Minerals 


807. Recirculating Furnace 

Bulletin on continuous-type recircu- 
lating furnace shows design of furnace, 
its operation and advantages. Industrial 
Heating Equipment 


808. Refractories 
24-page bulletin on physical and chemi- 
cal properties of super refractories. Ap- 


plications. Refractories Div., Carborun- 
dum 


809. Refractories 

12-page brochure on products for cast- 
ing special refractory shapes and for gun- 
ning and troweling applications, for serv- 
ice to 3000° F. Johns-Manville 


810. Refractory Coating 

Data on aluminum oxide and silicon 
carbide coating which may be sprayed 
on. Norton Co. 


811. Refrigerated Bath 

Bulletin on refrigerated baths, visible 
and constant temperature models. Con- 
struction, applications. Wilk7ns-Anderson 


812. Resistance Welder 

8-page bulletin 3-513 on press welder 
describes styles, welding heads, controls 
and accessories. Taylor-Winfield Corp. 


813. Rhodium Platin 


Data on properties, > re- 
uired, costs, operation, applications. 
echnic 


814. Rolling Mills 


Catalog on line of machines for rolling 
ferrous and nonferrous metals gives de- 
scriptions and lubrication and mainte- 
nance instructions. Fenn Mfg. Co. 


815. Rust Prevention 
Data sheets describe solvent type and 
emulsifiable type rust com- 
pounds. Swift Industrial Chemica 
(Continued on page 48-a) 


MEASURE 


HEAT 


CURA 
4 Tey, 


with 
NEW PYRO 


MICRO-OPTICAL PYROMETER 


Versatile PYRO Micro-Optical pre- 
cisely measures targets as small as 
001” in diameter or objects at re- 
mote distances to 2°C reproduci- 
bility! Temperature scales 700° 
3200°C (1300 - 5800°F). 


Send for FREE catalog No. 95. 


and 
PYRO 


SURFACE 
PYROMETER 


Quick-acting, pre- 
cise, with easy-to- 
read 434” dial. Five 
standard ranges — 
0° - 300°F to 0° - 
1200°F for surface 
and sub-surface 
temperatures. Also 
sub-zero and spe- 
cial ranges. 


Send for FREE catalog No. 168. 
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Here’s another case where light weight means lower cost. 
The roof of this walking beam furnace is 2,320 square feet. 
B&W Insulating Firebrick suspended construction for a 
9-inch roof weighs about 30 lbs per square foot, including 
the weight of rods, hangers, pipe, brick and mortar. This 

is approximately 100 lbs per square foot less than an arch 
constructed of heavy firebrick plus insulation having the 
same heat flow. This saving means the B&W IFB roof 

is 116 tons lighter. 


Here are the money-saving benefits 
of B&W suspended construction: 


1. Supporting steel is less massive, far less costly. 

Commercial size steel can be used for roof suspension instead of 
special castings. 

2. B&W Insulating Firebrick heat up and cool down faster. 
This means lower fuel costs, faster inspection. 


3. Furnace temperatures can be changed quickly. When 
different steels call for different heating schedules, the furnace 
temperature can be adjusted in minutes instead of hours. 


4. Installation costs are lower because these lightweight brick 
can be handled faster and easier than ordinary heavy firebrick. 


For complete information on B&W IFB—the lightest weight 
insulating firebrick, write to B&W today or call your 
local Refractories Engineer. 


BaW Insulating Firebrick 
suspended construction 


The new walking beam furnace (shown in photograph above) 
was designed and constructed by Rust Furnace Company for 
Jones & Laughlin Steel Corporation. Seamless pipe is con- 
veyed into the furnace, moves slowly from left to right on 
walking beam rails designed and furnished by York- 
Gillespie Mfg. Co., and passes out the exit door. 


This is a cross-sectional drawing of a typical suspended 
arch arrangement using B&W Insulating Firebrick. It can 
be used in flat or sloping roofs, nose arches and many 
other types of suspended furnace construction. 
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NEW “BOX LUNCH” of NICKEL ALLOY 


speeds feeding of electric furnaces 


26 nickel alloy pigs, each weighing about 50 pounds, 
travel inside this new palletized package. Weight and 
certified analysis are in plain view at all times. 

All fiberboard, it can go into the electric furnace 
“as is.” It weighs only 14 as much as a wooden 
pallet, Saves on transportation costs. Discourages 
pilferage. Speeds handling. 


Users are already enthusiastic about this 

new nickel alloy package. Like the quality product it 
contains, it serves as a further example of the 
exacting care Alloy Metal Products, Inc., exercises 
in every phase of the production of alloy metals. 


If you are still using scrap for your alloy require- 
ments, ask us about Alloymet pig of certified analysis. 


VAL PRODUCTS, Inc. (Formerty oivision or ALTER COMPANY) 


PHONE 6-2561 © TELETYPE DV 588 ROCKINGHAM ROAD 
DAVENPORT, 10WA 


World's largest producer of secondary nickel alloys of certified analysis 


MARCH 1957 
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816. Rust Prevention 

72-page book on cleaning, preservation, 
and packaging of metals. Causes of cor- 
rosion. E. F. Houghton 


817. Salt Bath Furnaces 
Folder on salt bath furnaces, Type 701, 
gives advantages. A. F. Holden 


818. Salt Baths 

Reprints 161 and 162 on new advances 
in hot salt quenching and salt bath 
quenching of gears. Ajax Electric 


$19. Sawing 

Data on bandsawing and bandfiling 
machine. Applications, description of ma- 
chine. S & 9S Machinery Co. 


820. Saws 


Catalog C-55 describes 35 models of 
metal-cutting saws. Armstrong-Blum 


821. Shear 

Bulletin on bar and billet shear for 
rounds, squares, flats, billets and struc- 
turals, either hot or cold. Hill Acme Co. 


822. Shot and Grit 


Handy calculator has size data for SAE 
grades of shot and grit. Pangborn 


823. Silver Brazing 

48-page manual on all aspects of silver 
brazing applications and problems. Amer- 
ican Platinum Works 


$24. Sintered Carbides 


24-page booklet on the characteristics of 
the various grades, for research and de- 
sign engineers. Kennametal 


825. Slitting 

76-page handbook on multiple rotary 
slitting lines. Design, selection and oper- 
ation of slitters. Specifications and capac- 
ity tables. Yoder Co. 


826. Smelting Equipment 

48-page booklet 105 on equipment for 
smelting covers complete furnaces, elec- 
trodes and control equipment. Pittsburgh 
Lectromelt 


827. Sodium 

40-page booklet on handling metallic 
sodium gives typical sodium-using proc- 
esses, equipment installation, recommen- 
ter pumping and instrumentation. 
U.S. Industrial Chemicals 


828. Spectrograph 

24-page on Echelle tro- 
graphs. Advantages. Type of work pro- 
duced. Bausch & Lomb 


829. Spectrographic Supplies 
24-page catalog on special pure mate- 

rials and alloy standards, plates and films, 

— electrodes and powders. Jarrell- 


830. Spectrometry 

12-page booklet on Hilger-Schwarz 
thermopiles for conversion of infra-red 
energy into electrical energy. Jarrell-Ash 


831. Stainless Castings 

List of standard designations and chem- 
ical composition ranges for heat and cor- 
rosion resistant cast alloys. Alloy Casting 
Institute 


832. Stainless Fastenings 
20-page catalog of stainless steel cap 
screws, nuts, washers, machine screws, 
sheet metal screws, set screws, pipe fit- 
tings and specialties. Star Stainless Screw 


833. Stainless Steel 

16-page booklet on Type 430 stainless 
gives physical properties and analysis, 
corrosion resistance, fabrication, applica- 
tion and care. Washington Steel 


834. Stainless Steel 

Processes for removing and preventing 
heat forming and heat treat scale on vari- 
ous alloy of stainless steel. Turco Products 


835. Stainless Steel 

12-page booklet on new AM 350 chro- 
mium-nickel-molybdenum stainless steel 
which is hardenable by subzero cooling 
or double aging. Allegheny Ludlum 


836. Stainless Steel 

Selector gives machinability, physical 
and mechanical properties, corrosion re- 
sistance of various grades of stainless 
steel. Crucible Steel 


837. Stampings 

brochure on of stamping. 
Handy tabular data. Republic Steel 
838. Steel 


Bulletins on hot work steel and Type 
420 stainless give forging, annealing and 
hardening characteristics. Firth Sterling 
839. Steel 

256-page handbook lists sizes, weights, 
lengths, steels available, shapes. Data on 
mechanical properties, standard steel 
compositions, hardness numbers conver- 
sions. Ryerson 
840. Steel 52100 


Stock list on 52100 tubing, bars and ring 
forgings. Peterson Steels 


$41. Steel Castings 


New summary of steel castings speci- 


BUSINESS REPLY CARD 


No Postage Stamp Necessary If Mailed In the United States 


4 


4c POSTAGE WILL BE PAID BY— 


METAL PROGRESS 


7301 Euclid Avenue 


CLEVELAND 3, OHIO 


fications recommended for commercial, 
railroad, federal and military use. Test- 
ing methods recommended. Steel Found- 
ers’ Society 


842. Steel Terms 


32-page dictionary of terms used in the 
steel industry. 180 definitions. Equilibrium 


diagrams, tables and figures. LaSalle 
Steel 
843. Steelmaking 


Beautifully illustrated brochure on 
steelmaking, annealing, hot rolling, fin- 
ishing. Rotary Electric Steel 


844. Sub-Zero Treatment 

12-page booklet on industrial chilling 
equipment for shrinking, testing and 
treating of metals. Cincinnati Sub-Zero 
Products 


845. Temperature Conversion 

Chart converts degrees Fahrenheit to 
Centrigrade and vice versa from —400 to 
4000° and shows range of sensing ele- 
ments. Thermo Electric 


846. Temperature Conversion 

16-page temperature conversion book- 
let and electromotive force of thermo- 
couple alloys in absolute’ millivolts. 
Wheelco 


847. Measurin 

Bulletins on Tempilstiks and Tempilaq 
describe products and tell how to use 
them. Tempil’ Corp. 


848. Test Bars 

18-page bulletin No. 168 on design of 
test bar patterns, production of test bars, 
testing procedures. Federated Metals Div., 
American Smelting and Refining 


849. Testers 


Data file lists 8 models, gives salient 
features, and illustrates preep testers and 
uses. Arcweld Mfg. 


850. Testing Machines 

8-page folder on Amsler machines for 
tests in tension, compression, torsion, 
shear, fatigue, bending and ductility. 
Bulletins on wear testing and testing of 
miniature samples. Buehler 


851. Seating Machines 
New 40-page bulletin on electomatic 
universal testing machines. Loading, 


were and indicating systems de- 
scribed. Tinius Olsen Testing Machine 


852. Testing Machines 

12-page catalog on ten testers including 
hardness, ductility, tensile, compression 
and transverse strength. Detroit Testing 
Machine 


FIRST CLASS 
PERMIT No. 1595 


(Sec. 34.9 P.L. & R.) 
Cleveland. Ghio 
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BLAZING THE HEAT TREAT TRAIL WITH HOLCROFT 


Low initial cost—simplified maintenance—efficient use of heat. 


All these represent good reasons why electric heat treat furnaces are 
important considerations. For example, gas-fired and electrically- 
heated furnaces are frequently competitive; in fact, when total 
installation cost figures are considered, electric furnaces often have 
the price advantage. 


Upkeep is reasonable, too, because properly designed and installed 
electric heating elements are so easy to maintain and adjust. Elements 
are quickly removed for repairs. 


Electric heat is more efficiently used for applications in the high 
temperature range. There is a considerably smaller heat loss in the 
use of electricity than gas—shrinking the price spread between the 
two. To be specific, a thorough study must be made of all factors: 
local power and fuel costs, production demands, quality control 
standards, etc., before any final decision can be made of the type 
of heating to be used. Holcroft will help you—a good place to start 
is to send for our new book Holcroft and the Electric Furnace. 
It's yours without obligation. see 


HOLCROFT AND COMPANY 


——SF'—>) 6545 EPWORTH BOULEVARD ¢ DETROIT 10, MICHIGAN 
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amorwce—” PRODUCTION HEAT TREAT FURNACES FOR EVERY PURPOSE 


CHICAGO, ILL. « CLEVELAND, OHIO * HARTFORD, CONN. « HOUSTON; TEXAS « LOS ANGELES, CALIF. « PHILA., PA. 
CANADA: Walker Metal Products, Ltd., Windsor, Ontario 
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RESTRICTED SPECIFICATION 
COLD ROLLED STRIP STEEL 
boosis production, stops slow- 
downs, reduces die costs, meets 
feed and speed requirements 
of aut ti i > 


cMP 
STRIP PROVIDES 
the precision dimensional and 
physical qualities that solve 
many fabrication, cost and 


performance problems. 


In estimating production costs, one of 
the items a metal fabricator takes 
into account is the cost of steel. As 
important as this is, it is sometimes 
good economics to pay more for steel, 
but pay less in the end for the fabri- 
cated part. The cost of down time on 
expensive forming equipment, the 
cost of idle labor, the cost of re- 
processing defective parts, may well 
exceed the cost of the extras built 
into restricted specification steel, 
which will eliminate these unplanned- 


for costs. 


CMP restricted specification cold 
rolled strip steel can be pre-planned 
to minimize production delays and 
produce for you the production cost 
you need. We will welcome the oppor- 
tunity to explore with you the cost- 
saving potentials in your manufactur- 
ing processes which may be available 
to you by use of CMP restricted 
specification cold rolled strip steel. 


WHERE YOU CAN GET 
SPECIFIC SPECS 
FOR 
SPECIFIC JOBS 


LOW CARBON, ELECTRO ZINC COATED, 
HIGH CARBON, TEMPERED SPRING STEEL, 
STAINLESS AND ALLOY 


THE METAL Propucts co. 


GENERAL OFFICES: YOUNGSTOWN, OHIO 
PLANTS: YOUNGTOWN, OHIO & INDIANAPOLIS, IND. 
SALES OFFICES: New York @ Cleveland © Chicago 
Indianapolis © Detroit @ Los Angeles ® San Francisco 
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853. Thermocouple Alloys 

20-page booklet on chromel-alumel 
alloys gives sizes, temperature-millivolt 
equivalents, standards, applications. Hos- 
kins Mfg. 


854. Thermocouple Insulators 

New Bulletin No. 300-56 on complete 
line of thermocouple insulators. Dimen- 
sions, sizes, types of insulators. Claud S. 
Gordon 


855. Thickness Control 

New 12-page booklet on systems for 
automatic control of strip thickness of 
ferrous and nonferrous cold mills and of 
coatings. Industrial Nucleonics Corp. 


856. Thickness Gage 


Folder on pocket-size gage. How to 
use it. Ferro Corp. 


857. Tin 

20-page bulletin on importance of tin 
to the erican industry. Applications in 
aircraft, chemical, container, electrical, 
electronic equipment and others. Malayan 
Tin Bureau 


858. Titanium 

8-page booklet on corrosion resistance 
of titanium. Table of ratings of titanium 
compared with stainless and aluminum 
in various mediums. Mallory Sharon 


859. Titanium Alloy 

12-page booklet on C-120AV titanium 
alloy. Physical properties, elevated-tem- 
perature properties, creep, fatigue, weld- 
ing, machining, heat treatment. Rem-Cru 
Titanium 


860. Titanium and Zirconium 

16-page bulletin, “The Hydrimet Proc- 
ess”, on titanium and zirconium metals 
and hydrides, and other metallurgical 
hydrides. Metal Hydrides 


861. Titanium Carbide 

29-page pocket-sized book reviews 
methods of manufacture, properties, uses. 
Bibliography. Titanium Alloy Mfg. Div. 
862. Tool Steel 

Wall chart showing more than 300 vari- 
eties of tool steel with trade name of 
manufacturers. Vulcan Crucible Steel 
863. Tool Steel 

44-page book on tool steels for the non- 
metallurgist explains the six basic kinds 


of tool steel and their heat treatment. 
Crucible Steel 


864. Tool Steel Failures 
124-page book, “Tool Steel Trouble 


Shooter”, analyzes 107 tool failures and 
assigns causes as among tool design 


faults, tool steel faults, improper heat 
treatment, mechanical and operational 
factors. Bethlehem Steel 


865. Tool Steels 

Bulletin on tool steels, hot work spe- 
cialty steels, bar stock, billet, sand cast- 
ing, drill rod, flat ground stock and tool 
bits. Darwin & Milner, Inc. 


866. Tukon Tester 

12-page bulletin DH-328 on Tukon 
micro and macro hardness testers. Wilson 
Mech. Inst. 


867. Ultrasonic Cleaning 


Folder on Sonogen ultrasonic generator 
for metal cleaning. Branson 


868. Ultrasonic Testing 

Data folder describes instruments using 
ultrasonics for various tests—immerscope, 
“B” scan and flaw recorder. Curtiss- 
Wright 


869. Ultrasonics 


Bulletin GEA-6239 on ultrasonic power 
generators for industrial cleaning equip- 
ment. General Electric 


870. Ultrasonics 

New bulletin MW-103 on use of ultra- 
sonics in degreasing, electroplating, drill- 
ing, and grinding operations. Acoustica 
Associates 


871. Vacuum Alloys 

Folder on vacuum melted cobalt, fer- 
rous and nickel-base alloys. Quality con- 
trol. Cannon-Muskegon Corp. 


872. Vacuum Furnaces 

Articles on commercial vacuum fur- 
naces for metals and alloys and some as- 
pects of vacuum melted metals. National 
Research 


873. Vacuum Furnaces 

Bulletins P8-20 and P4-28 on vacuum 
are melting furnaces and pumps. Consoli- 
dated Electrodynamics 


874. Vacuum Metallizing 

8-page catalog 551 on production and 
experimental-type metallizing units. High 
Vacuum Equipment Corp. 


875. Vacuum Metals 

2l-page report on vacuum melted 
metals discusses equipment, properties of 
metals and their applications. Ajax "®lec- 
trothermic Corp. 


876. Vacuum Pumps 

New 52-page catalog No. 425 on high 
vacuum pum cortains formulas and 
tabular data. Kinney Mfg. 
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877. Welding 


Data on welding positioners from 500 
to 100,000 Ib. capacity. Harnischfeger 


878. Welding Copper 

24-page booklet on oxyacetylene, car- 
bon-arc and metal-arc welding tech- 
niques for copper and copper alloys. 
Revere 


879. Welding Electrodes 

28-page bulletin RW-10 on resistance 
welding electrodes and accessories. Ap- 
plications, specifications and dimensions. 
Ampco 


880. Welding Equipment 


Catalog on Cadweld process and arc- 
welding accessories. Erico Products 


881. Welding Stainless 

S"page Bulletin GET-1955 gives arc- 
welding practices for stainless steels. 
General Electric 


882. Wire 

New 120-page handbook lists 100 types 
of steel wire. Size ranges, weights, ten- 
sile strength and chemical composition 
for each type. 16 pages of tables and 


hardness conversion chart. Pittsburgh 
Steel Co. 


883. Wire Cloth 

How woven conveyor belts help in 
manufacture of springs in “Cambridge 
Wire,” No. 4, 1956. Cambridge Wire Cloth 


884. Wire Straightening 

20-page brochure on wire straightening 
and cutting machines, wire reels, cham- 
fering and deburring machines. New air 
clutch described. Lewis Machine Co. 


885. X-Ray 

12-page bulletin on gamma radiography 
tells how to select the source, equipment, 
techniques and fundamentals of gamma 
radiation. Picker X-Ray 


886. X-Ray Equipment 
28-page booklet on products for in- 
dustrial radiography gives exposure and 
data for various films used. 
‘ont 


887. X-Ray Equipment 

12-page booklet on 250-kv. constant 
potential X-ray equipment for internal 
inspection. Advantages, design features. 
Westinghouse Electric 


888. X-Ray Supplies 
Bulletin on X-ray films and chemicals 
for radiography. Ansco 
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The secret of a stronger iron casting lies in the com- 
position, the melting and the heat-treating processes. 
Perhaps I should use some other word than “secret,” 
because the fact is well known today, but in 1925, 
when we started our search for a stronger iron, the 
principle was well known only in respect to steel. 


Our research led us to think that heat-treating could 
improve iron as well. After considerable experimenta- 
tion, we learned how to arrest the malleablizing proc- 
ess to produce an improved pearlitic malleable iron 
... an iron that compares favorably with the proper- 
ties of a good grade forged steel. It is from the words 
“Arrested Malleable iron with Steel-like character- 
istics” that the name “‘ArmaSteel’’ was coined. 


The raw materials and melting process for ArmaSteel 
are very similar to those of our malleable iron . . . the 
major difference being in the heat-treat cycle. In the 
cupola, we melt steel scrap, ferrosilicon, and remelt. 
We add .0025% boron to the charge to assist in 
breaking down carbides during malleablizing. 


Next, the molten iron is tapped into a forehearth 
where it is desulphurized with soda ash. This removes 
small particles of slag and impurities, thus improving 
machinability of the casting. After refining in an 
electric furnace, the iron is tapped into ladles. 


To improve the physical properties on certain cast- 
ings, .007% bismuth is added as a ladle inoculant: this 
stabilizes the carbides during the initial freezing of the 
metal. On heavy castings such as the Pontiac crank- 
shaft, up to .02% bismuth is added. This bismuth- 
boron combination is a new development. 


I mentioned before that the heat-treating of Arma- 
Steel greatly affected its properties. Actually, we use 
several different heat-treatments to produce the 
several ranges of ArmaSteel. All are alike during the 
malleablizing cycle, where the massive carbides are 
eliminated. Malleablizing requires about 20 hours: 
the castings are held at 1750°F. for 10 hours, and near 
the end of the cycle are dropped to 1650°F., after 


by Carl F. Joseph 
Technical Director 


CENTRAL FOUNDRY DIVISION 


GENERAL MOTORS 
CORPORATION 
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strength and 


which they are air-quenched. Brinell hardness at this 
point is around 300, 


Tempering brings the Brinell hardness down to cus- 
tomer’s specifications. We produce two standard 
Brinell ranges of air-quenched and tempered Arma- 
Steel ... BHN 197 to 241 (3.9-4.3 mm.), and 163 to 
207 (4.2-4.7 mm.). The castings are tempered in a 
recirculating furnace. The harder material is in the 
furnace for a total of six hours and forty minutes, and 
is held at heat for three and one half to four hours at 
1270° to 1290°F. The softer material uses the same 
time cycle but higher heat . . . from 1320° to 1340°F. 


For automobile crankshafts, a special hardness range 
is used. The ArmaSteel is air-quenched and tempered, 
but the tempering is for six hours at 1200°F., which 
produces a harder material (BHN 217 to 269). 


Two other types of ArmaSteel are produced by re- 
heating the air-quenched castings to 1600°, holding at 
heat for thirty minutes, then oil-quenching. These are 
then tempered for three and one half hours at 1170° to 
1190°F. BHN is 241 to 260 (3.7-3.9 mm.) and 269 to 
302 (3.5-3.7 mm.). 


I’ve gone into detail on heat-treating because it has 
such a great effect on mechanical properties. Tem- 
pering directly controls the amount of combined 
carbon in the matrix, and this in turn dictates how 
hard and strong the ArmaSteel will be . . . the higher 
the combined carbon, the stronger, harder, and less 
ductile the casting. Thus, the engineer can choose the 
combination of properties best suited to his applica- 
tion. I can best explain the results of this careful heat- 
treatment by giving you a brief list of the mechanical 
properties of ArmaSteel. 


1. Machinability . . . Because of the carbon nodules in 
the pearlite matrix, the machinability of ArmaSteel is 
generally from 10 to 30 percent better than that of 
steel forgings of the same Brinell. Improvements of up 
to ten times longer tool life and three times more 
pieces per machine have been shown. 
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2. Selective Hardening . . . ArmaSteel responds readily 
to localized hardening, either by flame or induction 
methods. A minimum of Rockwell “C” 50 is ob- 
tainable on such parts as shifter yokes, rocker arms, 
and gears. Some applications use the lead immersion 
or hot salt bath methods, followed by an oil-quench. 


3. Bearing Properties . . . ArmaSteel is such an ef- 
ficient bearing material on a hardened steel shaft that 
bronze bushings are often eliminated. The automotive 


cation where this fine finish reduces friction wear to 


6. Damping Characteristics . , . In both small engines 
and in automotive engines, ArmaSteel crankshafts 
exhibit a fine damping capacity that aids quiet 
operation. 


7. Wear Resistance . . . ArmaSteel withstands exces- 
sive wear under heavy loads at high speed. 


rocker arm illustrates this excellent non-seizing prop- 
erty in metal-to-metal wear. 


4. High Yield Ratio . . . The oil-quenched and tem- 
pered ArmaSteel has a minimum yield strength of 
80,000 psi and ultimate strength of 100,000 psi, 
making it ideal for highly stressed parts. 


5. Fine Machine Finish . . . A mirror-like finish can be 
produced on ArmaSteel. Diesel pistons are an appli- 


8. Fatigue Life . . . ArmaSteel has good resistance to 
fatigue, giving maximum endurance and long life. 


As countless and varied applications have proven, 
ArmaSteel is an outstanding engineering material. 
For information on how your product can benefit from 
this modern casting metal, write for our ‘““ArmaSteel’’ 
catalog. 


ARMASTEEL from the standpoint of 
machinability 


ArmaStee!l small horsepower en- 
gine crankshafts provide good 
damping qualities and modest cost 
due to excellent machinability. 


Arma$Stee!l’s adaptability to localized 
hardening poys off especially well 
on these aviomotive rocker arms. 


Universal joint yokes of Arma- 
Steel stand wp under severe 
stresses to same extent as former 
SAE 1145 or 1151 forgings. 


Because of its excellent wear resist- 
ance, oil-quenched and tempered Armo- 
Steel with a Brinell of 241 to 269 has 
replaced an SAE steel forging for this 
automotive reverse internal gear. 


CENTRAL FOUNDRY DIVISION 


GENERAL MOTORS CORPORATION 


Pontiac's conversion to ArmaStee!l Crankshafts 
doubled cutter life and speeded up by 50% the 
grinding of main journals. 


SAGINAW, MICHIGAN DéePT. 
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tooth by 
tooth 
Gear 


“Hardening” 


ist 


gnethermic, Induction Scanning Equipment 


Heat treating the critical root zone makes an appreciable 
difference in physical properties and fatigue strength. 


With high frequency induction heating, the tooth can be 
full hard for maximum wear resistance. Large gears can 
be hardened with small capacity equipment. 


Scanning eliminates the need for inductor change with 
varying gear face widths. Automatic controls, including 
indexing and quenching, result in a high production rate 
and uniform results. 


This is one type of gear hardening. Size and production 
rate dictate to a great degree the type of equipment. What- 
ever your need in gear hardening or other heating applica- 
tions, Magnethermic’s experience with induction heating 
can be useful. 


Prompt response to your inquiry — Magnethermic, Youngstown, Ohio. 


see MAGNETHERMIC 
for Induction Heating 


ae FOR IMPROVED GEAR PERFORMANCE 
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Maker of Casters Gets Good Results 
with Water-Hardening Steel 


The Bassick Company, Bridgeport, 
Conn., a leading manufacturer of casters, 
needed a good grade of tool steel for 
the dies and punches used in producing 
easter stems. They took the problem to 
Lindquist Steels, Inc., their local tool- 
steel distributor, who recommended 
Bethlehem W-1 Carbon Water-Harden- 
ing tool steel for cold-heading purposes. 
The performance of this grade, with its 
controlled hardenability, has been ex- 
cellent. 

The dies and punches, some of which 
are illustrated above, are hardened to 
about Rockwell C-60, and work on Beth- 


lehem Cold-Heading Wire. They have 
proved economical, as their service life 
is approximately 100,000 pieces. 

Bethlehem Carbon Water-Hardening 
tool steel has high shock-resistance be- 
eause it is carefully controlled for hard- 
enability. Besides, with its controlled 
earbon range, it has good resistance to 
wear, plus the toughness to withstand 
cold battering. 

There may be one or more applications 
in your shop where Bethlehem Carbon 
Water-Hardening tool steel could be used 
to advantage. Why not talk it over with 
your Bethlehem tool steel distributor? 


-EHEM, 


BETHLEHEM TOOL STEEL 


ENGINEER SAYS: 


Bend Tool Steels 
While They’re Hot 


The structure of machinery is such that 
parts are sometimes fabricated of steel 
which has been cold-bent to shape. How- 
ever, when some of the components are 
made of tool steel, bending usually ean- 
not be done at room temperature without 
causing breakage. Some degree of heat- 
ing must therefore be employed. 

For severe bending, such as bending to 
a small diameter, the tool steel is usually 
heated to the full forging temperature. 
Depending upon the grade, this may be 
2000 F or higher. Moderate bending 
(curving into a shape similar to a leaf 
spring) ean take place after heating 
to about 1300 F, being careful that the 
maximum temperature reached does not 
exceed the critical temperature. Very 
light bending operations (perhaps bend- 
ing a shear blade to compensate for ex- 
pected warpage in heat-treatment) can 
be accomplished at room temperature if 
a generous radius of curvature is used. 


Making 36-lb Nut Behave 


Here is a shaving die, made of Lehigh H 
tool steel, used in hot-broaching the sides 


of a 4'%4-in. hexagon nut. Lehigh H is 
our special-purpose high-carbon, high- 
chromium grade of tool steel. Its excel- 
lent wear-resistance and red hardness 
make it an ideal steel for this application. 


A 
Goan BETHLEHEM STEEL COMPANY, BETH] 
| 
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Precision Brazes 
Speeds 


—ALLIS-CHALMERS 
‘Induction | 
HEATER 


Each FACSIMILE Weldment of Vanes 
in Inlet Guide Assembly for J-57 
Engine Completed in Seconds 


peep a TILIZING an Allis-Chalmers 25-kw Specify A-C—Here’s Why 
ea - induction heater, and an A-C de- The use of high frequency power 
signed work fixture, Rheem has a makes Allis-Chalmers induction heat- 
il Mr. Hi Frequency is Ready brazing setup as streamlined as the ing as much as seven times faster than 
sola and Able to Help You, Too jet planes they help build. Rheem’s —_— conventional heating methods. Prop- 
oe production speed is particularly sig- erly designed work handling equip- 


If your job is one of brazing, 
soldering, hardeni li 
or heating, it will pay you to get 
all the facts on induction heat- 
ing. Contact your A-C repre- 
sentative or write Allis-Chalmers, 
Industrial Equipment Division, 
Milwaukee 1, Wisconsin. 


ALLIS-CHALMERS 


nificant in that it is accomplished in 
the face of stringent precision require- 
ments, demanding accurately con- 
trolled localized heating. Close toler- 
ances are a requirement. Yet the Allis- 
Chalmers induction heater, brazing at 
high speed, produces facsimile weld- 
ments — each as smooth and perf 

as the next. é' 


ment also speeds production. An auto- 
matic timer and other controls, stand- 
ard on Allis-Chalmers units, promote 
precision operation. Allis- Chalmers 
extras — extensive laboratory facili- 
ties, unparalleled application experi- 
ence, factory supervised installation 
— guarantee complete dependability 
. . . continuous service. 
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some people have queer notions about 


RADIOGRAPHY 


Many a plant, uneasily aware that Here's a typical multiple-specimen 


of radiographic inspection, still hol i setup... seven castings radiographed 


ken “ a " simultaneously with o T.O. model 402 
taken reason : ponoramic Cobolt 60 ynit. 


“out of my league”... costs foo much The compact source copsule 


easily enters into pipes 
Not so. An iridium 192 machine costing as little as 
fully adequate to your needs. Indeed, average equipm j 
less than $2500. 


needs a specialist to run 


On the contrary, a practical on-the-job training course in 
Cleveland laboratory (free tuition to buyers) equips any intelligen 
employee with all he has to know. 


takes forever to make a radiograph 


Not so. You can x-ray 1” steel in 30 seconds, 3” sections in 4 min- 
utes with the Cobalt 60 sources available today. 


gamma radiographs are no good costs nothing to find out 
Not so. If you use the right source for the right job you'll have what rediegeipiy. can de fer you. Simply 
no trouble getting the 2% detail sensitivity required by exacting : . 
call in your local Picker representative’ or 
inspection codes. 


write ws outlining your problem (ond if 
it's dangerous; we're afraid of it 


possible, sending typical samples). We'll 

No reason to be: Technical Operations. modern equipment is safe make tests and tell you trankly whether 

and simple-to-handle. radiography holds any promise for you. 

not for me; my stuff is different Because Picker offers both x-ray and iso- 


We don’t know what your business is... but if whatever you make tope equipment, we hove no axe to grind 
(or buy or sell) needs “seeing into” for quality control, radiography 4 for any particular method. 
{either gamma or x-fay) can profit you as it does others — your daria site 
competitors included. . near you (see local ‘phone book) 
PICKER RAY CORPORATION 
75 Sowth Greedwey, White Ploim 


| | | 


SOME OF THE TECHNICAL OPERATIONS GAMMA RADIOGRAPHY UNITS MARKETED AND SERVICED BY PICKER X-RAY 


TO412A 0402 0404 
Iridium 192 Unit i i 00 Val 


one stop for everything in 
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Iridium 192 Unit Source Changer 
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interior of a high temperature, hearth type Gas furnace spe- 
clally designed for heat treating high strength steel casing 


J&L speeds production, 
decreases costs...thanks to GAS 


This Gas furnace at Jones & Laughlin Steel Cor- 
poration, Aliquippa Works, Pennsylvania, assures 
high strength characteristics formerly attained by 
adjusting the chemical composition of the steel. 
With Gas, J&L speeds production of special high 
strength seamless tubular products. Heat treating 
these products with Gas also saves tons of stra- 
tegic materials like manganese, molybdenum and 


chromium, formerly used in the production of high 
strength seamless pipe. 

For information on how Gas can help you with 
your production problems, call your Gas Com- 
pany’s industrial specialist. He’ll be glad to discuss 
with you the economies and outstanding results 
you get with Gas and modern Gas industrial equip- 
ment. American Gas Association. 
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...and one for the pot! 


Witches of old brewed heroic broths to encourage visions, 
prognostications, spells, and spasms. Even unrequited 
love yielded to these near-lethal potions. Add the tail 
of a cat, the ear of a rabbit, sixteen varieties of tree 
roots, and a few “trigger” ingredients, known only to 
the witches guild... and stand back! 

Folklore ignores the witches maintenance problems, 
but such overwhelming corrosives must have liquidated 
many a cauldron inventory. After all, the witches had 
no titanium. 

Titanium is available today, and it is the most prom- 
ising metal for the chemical, textile and pulp industries 
...0Or any place where severe corrosion presents for- 
bidding maintenance or design problems. 

Titanium is inherently passive to such vicious cor- 


FIRST IN Tita 


roding agents as ferric, cupric, stannic and mercuric 
chlorides, and the hypochlorites. There is even little or 
no pitting or localized attack —a source of difficulty 
with practically all other metals. Stagnant conditions, 
surface deposits, fouling marine organisms and moist 
salt crystals are not troublesome to titanium. Strongly 
oxidizing agents in high concentrations and at high tem- 
peratures are readily handled with titanium. Slight addi- 
tions of oxidizing agents to sulfuric, hydrochloric or 
phosphoric acid inhibit attack. 

Titanium tubing, sheet, strip, plate, extrusions, bar 
and billet are all available from T.M.C.A.— and prices 
are dropping to competitive levels. T.M.C.A. technical 
service is available upon request. 


nium 


TITANIUM METALS CORPORATION OF AMERICA, 233 Broadway, New York 7, N.Y. 
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Speed for 


aluminum extrusion... 


Westinghouse 


1. Greater efficiency in aluminum billet extrusion results from 
the speed and adaptability of Westinghouse induction heating. 


C. P. Bernhardt 
Engineering Manager, 
Induction Heating Dept. 


EXAMPLE: ‘‘Five thousand 
pounds an hour of 6-inch 
aluminum billets”, reports 
Carl Bernhardt, ‘‘are heated 
to 1,000°F for heavy extrusion 
press operation.” In supplying 
induction heating for this 
customer, Westinghouse saved 
37% of the floor space needed 
for conventional furnace oper- 
ation. Most important, high 
operating efficiency results 


from these five advantages in speed and flexibility: 
e@ Short, 3-minute, start-up time. Stand-by heat 


losses are low. 
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induction heats 
billets on the 


2. Heating 6- or 8-inch billets to 1,000°F, this Westinghouse 
induction unit delivers up to 5,000 Ibs of billets an hour. 


e Up to 80% cut in maintenance time and costs. 


@ Longer die life due to uniform billet heating... 
accurate, repetitive temperature control. 


@ Cooler, more productive working conditions. 


@ Pushbutton, automatic cycling of billet heating 
and handling directly to the extrusion press pickup. 
For problem solving, call on Westinghouse technical 
leadership in induction heating research, design 
and engineering. You can be sure of complete 
service, too, through installation field engineering 
and follow-up. See your local Westinghouse indus- 
trial heating sales engineer or write, Westinghouse 
Electric Corporation, Induction Heating Dept., 
2519 Wilkens Ave., Baltimore 3, Md. J-10450 


The Westinghouse Heat-Treating Family 
GAS e ELECTRIC e INDUCTION 
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3. Westinghouse coil design and engineering assures 
uniform heating from billet core to surface. 


you CAN BE SURE...1F ITS 
Westinghouse 
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Machining Costs Cut 25% 
by switch to NEW RYCUT 50 


Logan Engineering Co. report shows how you 


can save up to 30% with a Ryerson leaded alloy 


THE PROBLEM— This Chicago manufacturer 
of precision lathes faced a tough production 
problem from a time and cost standpoint. 
Lathe spindles have to be tough and hard 
with high wear resistance—so the steel Logan 
originally used was SAE 52100. 

But the spindles were turned down and 
center-drilled from the solid to hole sizes as 
large as 1%”. And ID’s had to be accurate 
and free from scoring along the entire length 
of the spindles. 52100 provided the required 
mechanical properties but was slow cutting 
and created production difficulties and a high 
scrap rate. 

Needed: A free-machining steel that would 
develop the high hardness levels, the tough- 
ness and wear strength required for the ap- 
plication. 


THESE LARGE ALLOY STOCKS... also carbon and stainless steels 
in every shape and size, are in stock at Ryerson. Also call Ryerson for 
reinforcing steel service, industrial plastics, machinery and tools, etc. 


THE SOLUTION—Logan engineers had long 
been on the lookout for a steel that would 
solve their production problems so they were 
eager to try New Rycut 50 when this Ryerson 
50-carbon alloy steel with a controlled lead 
addition was suggested by Ryerson metal- 
lurgists. 

New Rycut 50 was a success from the start! 
Now, after two years, Harry Peterson, Logan 
plant superintendent, reports: ““New Rycut 
50 has saved us a consistent 25% of our 
former costs in the production of lathe spin- 
dies. Rycut’s uniform machining and harden- 
ing properties have reduced scrapped parts to 
a minimum and the steel has proved satis- 
factory in every way.” 

This is just one of many case histories in 
our files on the steels in the Rycut series— 
New Rycut 50, Rycut 40 and Rycut 20. 
Actual performance records show machin- 
ability increased as much as 50% . . . tool life 
lengthened as much as 300% when a Rycut 
steel is used in place of a standard alloy of 
comparable mechanical properties. 

To get further information on these great 
new cost-cutting steels or for quick shipment 
of any steel requirement, call or write your 
nearby Ryerson plant. 


RYERSON STEEL 


JOSEPH T. RYERSON & SON, INC. PLANTS AT: NEW YORK + BOSTON « 


WALLINGFORD, CONN. * PHILADELPHIA * CHARLOTTE + CINCINNATI 
CLEVELAND + DETROIT + PITTSBURGH + 


BUFFALO * CHICAGO + MILWAUKEE « ST. LOUIS * LOS ANGELES * SAN FRANCISCO + SPOKANE « SEATTLE 


60 METAL PROGRESS 


Ar 
a 
‘ 
: 
‘ 4 


All Meetings at 
Ambassador Hotel, Los Angeles 


Monday, March 25 


9:00 a.m. @ Advanced Methods of Machining and 
Metal Removal 
9:00 a.m. Ti C, Titanium Progress to Date 
10:00 a.m. S.N.T. Educational Session I 
10:00 a.m. Ti C. Today’s Uses and Design Criteria 
Noon A.W.S. Luncheon—The Role of Welding 
in Industrial Advancement 
12:30 p.m. Ti C. Group Luncheon 
1:30 p.m. S.N.T. Educational Session II 
2:00 p.m. @ Special Forming Techniques 
2:00 p.m. Ti C. Titanium Fasteners 
2:30 p.m. A.W.S. Welding Codes — Stimulant or 
Stumbling Block 
7:30 p.m. §.N.T. Educational Session III 
(Don Bosco Technical High School) 


Tuesday, March 26 


8:45 a.m. S.N.T. Nondestructive Testing for the 
Aircraft Industries 

9:00 a.m. LH.E.A. Brazing and Sintering 

9:00 a.m. A.W.S. Aircraft and Rocketry 

9:00 a.m. A.I.M.E. Ultra High Temperature Ma- 
terials 

9:00 a.m. Ti C. Forming of Titanium 

12:30 p.m. Ti C. Group Luncheon 

2:00 p.m. @ Short Time Elevated Temperature 
Testing of Metals 

2:00 p.m. A.W.S. Aircraft and Rocketry 

2:00 p.m. S.N.T. Nondestructive Testing with 
Isotopes 

2:00 p.m. Ti C. Panel on Forming of Titanium 


10th Western Metal Congress 


Los Angeles, March 25 throagh 29, 1957 


Consolidated Program 


AMERICAN Society FoR Metats @ 
AMERICAN We Society ( A.W.S.) 
Society For Nonpestructive Testinc (S.N.T.) 


InpusTRIAL Heatinc Egurpment Association (1.H.E.A.) 


AMERICAN INSTITUTE OF MINING, 


METALLURGICAL AND PerroLeuM Encrveers (A.1.M.E.) 


TrrantumM Conrerence — A.S.M, ( TiC.) 


W ednesday, March 27 


9:00 a.m. @ Metals and Metallurgy in Electronics 

9:00 a.m. A.W.S. General Welding Session 

9:00 a.m. S.N.T. Radiography and Fluorescent 
Penetrants 

9:00 a.m. A.LM.E. Alloys for Future Airframes 

9:00 a.m. Ti C. Machining of Titanium 

12:30 p.m. Ti C. Group Luncheon 

2:00 p.m. @ Aircraft Alloys for Thermal Flight 

2:00 p.m. Ti C. Machining of Titanium 

2:00 p.m. A.W.S. General Welding Session 

2:00 p.m. S.N.T. Honors Session 

2:00 p.m. $.N.T. Nondestructive Testing in 
Industry 

5:00 p.m. S.N.T. Special Delegates’ Meeting 


Thursday, March 28 


9:00 a.m. @ Corrosion and Metal Protection in 
Petroleum and Chemical Industries 

9:00 a.m. A.W.S. General Welding Session 

9:00 a.m. S.N.T. Nondestructive Testing in the 
Nuclear Energy Field 

9:00 a.m. A.I.M.E. Light Alloys for Airframes 

9:00 a.m. Ti C. Welding and Brazing 

12:30 p.m. Ti C. Group Luncheon 

2:00 p.m. @ Titanium 

2:00 p.m. A.W.S. General Welding Session 

2:00 p.m. S.N.T. Quality control 


Friday, March 29 


9:00 a.m. Ti C. Present Limitations and Future 
Potentials of Titanium 

9:30 a.m, A.W.S. General Welding Session 

12:30 p.m. Ti C. Group Luncheon 

2:00 p.m. Ti C. A Look Into the Future 


American Society for Metals 


Monday, March 25 


9:00 a.m. — Advanced Methods of Machining 
and Metal Removal 


Panel Chairman: Manuel C. Sanz 
Chief, Materials Research 
North American Aviation, Inc. 


Ultrasonic 
Donald A. Benbow, Shefheld-Western Sales Corp. 
High Speed Machining 
Kenneth L. Wilson, North American Aviation, Inc. 
Ceramic Cutting 
Paul Havener, Carborundum Co. 
Electric Spark Discharge Mating 
Fred. 1. Regnier, North Amesican Aviation, Inc. 
Chem-Milling 


Hugh H. Muller, Northrup Aircraft Corp. 


2:00 p.m. — Special Forming Techniques 


Panel Chairman: Gilbert A. Moudry 
Chief Metallurgist 
Harvey Machine Co. Inc. 


Impact Extrusions for Aircraft Structural Applications 
Gilbert A. Moudry, Harvey Machine Co. Inc. 


The Fabrication of Metals for Nuclear Reactor Cores 
F. R. Lorenz, Westinghouse Electric Corp. 


New Developments in Impact Extrusions 
Raymond A. Quadt, Hunter Douglas Corp. 


Tuesday, March 26 


9:00 a.m. — Brazing and Sintering 


(Joint Meeting With 
Industrial Heating Equipment Assoc. ) 


Chairman: Elton E. Staples 
Hevi Duty Electric Co. 


Furnace Brazing 


H. W. Webber, General Electric Co. 
Salt Bath Brazing 


Leon Rosseau, Ajax Electric Co. 

Induction Brazing and Soldering 
W. E. Benninghoff, Ohio Crankshaft Co. 
Sintering and Brazing of Ceramics, Metals and Metallizing 
R. L. Harper, Harper Electric Furnace Corp. 


2:00 p.m. — Short-Time Elevated-Temperature 
Testing of Metals 


Panel Chairman: Alan V. Levy 
Supervisor 
Marquardt Aircraft Co. 
The Problems Connected With Testing 
Alan V. Levy, Marquardt Aircraft Co. 
Strength of Metals Undergoing Rapid Heatin 
Warren Smith and Allen Robinson, 
U. S. Naval Ordnance Test Station 
The Fluid Analogy to Aerodynamic Heatin 
T. C. McGill, Convair Div. of General _ ae Corp. 
Short-Time Creep of Structural Sheet 
John A, Van Echo, Battelle Memorial Institute 
Effect of Variables on the Properties 
J. R. Kattus, Southern Research Institute 


Wednesday, March 27 


9:00 a.m. — Metals and Metallurgy in Electronics 


Panel Chairman: Blair L. Molander 


Group Leader, Metallurgy 
North American Aviation, Inc. 


Fabrication of Semiconductors 
William V. Wright, Pacific Semiconductors 
Processing and Purification of Silicon 
D. K. Hartman, General Electric Co. 
Germanium for Semiconductors 
John Milek, North American Aviation, Inc. 
Zone Melting and Zone Purification 
Walter Pollitt, Hughes Aircraft Corp. 


2:00 p.m. — Aircraft Alloys for Thermal Flight 


Panel Chairman: A. H. Petersen 
Engineer, Design 
Lockheed Aircraft Corp. 
Requirements Peculiar to Aircraft Design 
Leo Schapiro, Douglas Aircraft Corp. 
Material and Processing Requirements 
F. R. Kostoch, North American Aviation, Inc. 
Heat Treatable Corrosion Resistant Steels 
R. B. Gunia, United States Steel Corp. 


Tool and Die Steels for Thermal Flight 
G. A. Roberts, Vanadium Alloys Steel Co. 


Super Alloys for Airframe Structure 
F., S. Badger, Haynes-Stellite Co. 
Titanium Alloys for Thermal Flight 
R. 1. Jaffee, Battelle Memorial Institute 


Thursday, March 28 


9:00 a.m. — Corrosion and Metal Protection in 
the Petroleum and Chemical Industries 
Panel Chairman: Martin Michaud 


Materials Supervisor 
Union Oil Co. of California 


Economics of Material Selection 
Martin Michaud, Union Oil Co. of California 


Inspection and Corrosion Control 
E. H. Tandy, Standard Oil Co. of California 


Metallic Coatings for Steel 
C. H. Sample, International Nickel Co. 
Nonmetallic Coatings 
Lester Morris, Coating and Fiberglass Research Co. 


Cathodic Protection 
L. L. Whiteneck, Pipeline Coating 


2:00 p.m. — Titanium 
Panel Chairman: Gordon A. Fairbairn 


Supervisor 

North American Aviation, Inc. 
Forgings J. J. Russ, Steel Improvement and Forge Co. 
Extrusions 
Castings 
Heat Treatment 
Welding 


New Alloys 


Eric Berg, Harvey Machine Co. 

Frank Caputo, Oregon Metallurgical Corp. 

L. S. Busch, Mallory-Sharon Titanium Corp. 
Russ Meredith, North American Aviation, Inc. 
H. D. Kessler, Titanium Metals Corp. 
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American Institute of Mining, 


Metallurgical and Petroleum Engineers 


Tuesday, March 26 


9:00 a.m. — Ultra High-Temperature Materials 
Panel Chairman: Pol Duwez 
California Institute of Technology 


uardt Aircraft Co. 
Role of Molybdenum for Missiles 
Robert R. Freeman, Climax Molybdenum Co. 
Cermets for High-Temperature Service 
John C. Redmond, Kennametal Inc. 
Graphite as a High-Temperature Material 
J. E. Howe, North American Aviation, Inc. 


Wednesday, March 27 


9:00 a.m. — Alloys for Future Airframes 


Panel Chairman: Campbell W. Funk 
Aerojet-General Corp. 


Monday, March 25 


Noon — Kick-off Luncheon 


Chairman: Charles W. Concannon 
Sales Manager 
Basco, Inc., Los Angeles 
The Role of Welding in Industrial Advancement 


J. J. Chile, President, A.W.S. 
Director of Research, A. O. Smith Corp. 


2:30 p.m. — General Session 


Welding Codes—Stimulant or Stumbling Block 
T. B. Jefferson, Editor, Welding Engineer 


Tuesday, March 26 


9:00 a.m. — Aircraft and Rocketry 


Chairman: Mario Ochieano, 
Lockheed Aircraft Corp. 
Recent Developments on Magnetic Force Welding 
Jack Funk, Precision Welder and Flexopress Corp. 
Aluminum Alloys for Rockets 
Walter S. Tenner and Paul T. Barnes, 
U. S. Naval Test Station 
Resistance Welding Titanium Alloy Structures 
William R. Gain and Howard E. Woodward, 
Boeing Airplane Co. 


2:00 p.m. — Aircraft and Rocketry 


Chairman: Leo West 
Douglas Aircraft Co. 
Counter Tubes for Resistance Welding Controls 
J. J. Riley, Taylor-Winfield Corp. 

Stress-Corrosion of Titanium Weldments 

William S. Arter, North American Aviation, Inc. 
Vacuum Brazing of Sandwich Structures 
G. Jewett Crites, Engineering Consultant, El] Segundo 
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American Welding Society 


Fabrication of High-Temperature Airframes 
Fred Baisch, Boeing Airplane Co. 
Welding of Precipitation Hardening Stainless Steels 
George E. Linnert, Armco Steel Corp. 
Conservation of Nickel in High-Temperature Alloys 
E. E. Reynolds, “Allegheny Ludlum Steel Corp. 


Thursday, March 28 


9:00 a.m. — Light Alloys for Airframes 


Panel Chairman: Harold H. Block 
AiResearch Corp. 
Aluminum oe for Elevated-Temperature Service 
ayne A. Reinsch, North American Aviation, Inc. 
Depressive Deformation for Stress Relief 
R. E. Klient and F. G. Janney, North American Aviation, Inc. 


Magnesium Alloys for Airframes 


F. Keith Lampson, Marquardt Aircraft Co. 


Wednesday, March 27 


9:00 a.m. — General Session 


Chairman: Russell Graves 
The Fluor Corp. 
Welding for Nuclear 


Drahos, Byron Jackson Co. 


Ultra High-Strength Weld Metal for Airframes 
D. C. Smith, Harnischfeger Corp. 
Filler Materials for High-Strength Low-Alloy Steels 
Frank G. Harkins, Solar Aircraft Co. 
Weld Roll Planishing, the Weld Helper 
Harlan Meredith, Airline Welding and Engineering Co. 


2:00 p.m. — General Session 


Chairman: H. B. Evans 
Associated Piping and Engineering Co. 
Field Welding of Pressure Piping 
A. M. Croswell, Bechtel Corp. 
Inert Gas Shielded Are Welding of Aluminum 
Paul Dickerson, Aluminum Co. of America 
Weldability of High- yy Alloys 
R. P. Culbertson, Haynes Stellite Co. 


Thursday, March 28 


9:00 a.m. — General Session 


Chairman: Leo Gatzek 
Bendix Aviation Corp. 
Welding of Light Gage Materials 
T. McElrath, Linde Air Products Co. 
Evaluation of Hard Facing Materials 
Dave Rankin, Rankin Manufacturing Co. 
A New CO, Welding Process 
A. F. Chouinard and R. T. Monroe, 
National Cylinder Gas Co. 
Tool and Die 
Patrick S. Doyen, Welding Equipment and Supply Co. 
(Continued on next page) 
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AW.S.— Thursday (Continued) 


2:00 p.m. — General Session 
Chairman: A. B. Bennett 


Solar Aircraft Co. 
High-Temperature Silver Brazing 
A. M. Setapen, Handy and Harmon Co. 
Selection of Inert Gas Shielded Processes 
C. B. Robinson, Air Reduction Pacific Co. 
The Inert Gas Welding of High-Nickel Alloys 
K. M. Spicer, International Nickel Co. 


Friday, March 29 
9:30 a.m. — General Session 


Chairman: Art Williams 
Consolidated Western Steel Co. 
Iron Powder in Arc Welding Electrodes 
Richard K. Lee, Alloy Rods Co. 
Causes of Weld Metal Cracking 
Glen Faulkner, Battelle Memorial Institute 
Constant Voltage Type Welders 
L. P. Henderson, M & T Welding Products Corp. 


Society for Nondestructive Testing 


Monday, March 25 
10 a.m., 1:30 and 7:30 p.m.—Educational Sessions 


Tuesday, March 26 


8:45 a.m. — Nondestructive Testing for the 
Aircraft Industries 


Chairman: R. E. Kleint 
North American Aviation, Inc. 
Statistical Methods for Ultrasonic Inspection 
Murvel J. Bratt, General Electric Co. 
High-Strength 7075 Aluminum Alloys 
G. B. Mathers and R. E. Kleint, North American Aviation, Inc. 
Ultrasonic Flaw Plotting 
Benson Carlin, Alcar Instruments, Inc. 
Flaw Detection, Alloy Identification and 
Determination of Properties by Eddy Currents 
Richard Hockschild, American Testing and Control Co. 
Flaw Evaluation by Ultrasonics 
William C. Hitt, Douglas Aircraft Co. 
Magnetic Particle Inspection 
Vernon I. E. Weigand and Edward H. Honerkamp, 
General Electric Co. 


2:00 p.m. — Use of Isotopes 


Chairman: Dana E. Elliot 
Los Alamos Scientific Laboratory 
The AEC’s Relation to the Industrial Atom 
Robert F. Barker, U. S. Atomic Energy Commission 
Cesium-137 for Radiography 
Merle L. Rhoten and Samuel A. Wenk, 
Battelle Memorial Institute 
Thulium-170 for Industrial Radiography 
Dana E. Elliot and James W. Dutli, 
Los Alamos Scientific Laboratory 


Quality Control of Sealed Objects 
Clifton W. Reed, Reed-Curtis Nuclear Industries, Inc. 
Gamma Radiography. of Light Metals 
Eric T. Clark, Technical Operations, Inc. 


Wednesday, March 27 


9:00 a.m. — Radiography and Fluorescent 
Penetrants 


Chairman: Wallace J. Erichsen 
Westinghouse Electric Corp. 
Large-Source Cobalt in Radiography 
Clarence A. Karrer, Crucible Steel Casting Co. 
Speedy Multiple Film Techniques 
Ralph E. Turner, Eastman Kodak Co. 
Refinements in Radiographic Techniques 
Harold S. Wyckoff, Triplett and Barton, Inc. 
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Role of Brightness in Fluorescent Penetrants 
Donald W. Parker and J. Thomas Schimdt, Magnafiux Corp. 
Flexible Fluorescent Screens 
K. G. Roberts, Naval Research, Dockyard Laboratory, Halifax 


2:00 p.m. — Honors Session 
Chairman: Richard F. Holste 


National President 
Society for Nondestructive Testing 
The Du Pont Award 
Recipient: Eric A. Kolm, Raytheon Mfg. Co. 
The Lester Lecture Award (posthumously ) 
Recipient: Edgar O. Dixon, Presentation to William Dixon, a son 


3:00 p.m. — Nondestructive Testing in Industry 


Chairman: John Battema, 
Ferro-Spec Laboratory, Inc. 
Corrosion Inspection With Ultrasound 
Donald C. Erdman, Sperry Products, Inc. 
Porosity-Graded 195 Alloy 
Irving J. Feinberg, Naval Ordnance Laboratory 
Calibration of Reflectoscope 
H. E. Van Valkenburg, Sperry Products, Inc. 
Special Film Presentation 
Directed by George H. Prudden, Lockheed Aircraft Corp. 


Thursday, March 28 


9:00 a.m. — Nuclear Energy Applications 
Chairman: W. J. McGonnagle 


Argonne National Laboratory 
The Immersed Ultrasonic Inspection of Tubing 
R. B. Oliver and J. K. White, Oak Ridge National Laboratory 
Radiography of Materials for Nuclear Energy 
J. W. Dutli and D. E. Grimm, Los Aiamos Scientific Laboratory 
Lamb Waves in Ultrasonic Testing 
D.C. W orlton, General Electric Co. 
Nondestructive Testing of Materials for Reactors 
O. R. Carpenter, Babcock and Wilcox Co. 
Measurement of the Uranium in Fuel Elements 
W. J. McGonnagle and G. E. Bradley, Argonne National Laboratory 


2:00 p.m. — Quality Control 


Chairman: W. Stump 
Dow Chemical Co. 
Accelerated Life Tests 
Harry G. Romig, Summers Gyroscope Co. 
Gamma Radiation for Density Measurement 
Philip E. Ohmart, The Ohmart Corp. 
A Reference Wedge X-Ray Gage 
Stanley Bernstein, General Electric Co. 
Proper Frequency for Eddy Current Testing 
Bernard H. Robinson, Magnaflux Corp. 
Automatic Recording, Sorting and Controlling 
Peter K. Bloch, Branson Instruments, Inc. 
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The Need for Less Sulphur 


Since more than 0.020% sulphur in aluminum-killed, fine-grained steel 


in 
Deoxidized Steel 


By H. W. MCQUAID 
and NORMAN P. GOSS* 


produces undesirable ferrite in supposedly all-martensitic microstructures, 
the authors recommend that American quality steel manufacturers 

install special equipment for rapid desulphurization, 

as is already being done in several European steelworks. 


eae today is one element in steel 
which is accepted by practically every steel user 
as a necessary evil and, except when specified de- 
liberately as an aid to machinability, is looked 
upon as undesirable. It is detrimental to surface 
soundness as well as to internal cleanliness and 
transverse physical qualities. Steelmakers believe 
that sulphur raises the surface conditioning costs 
and lowers the yields. Most users of heat treat- 
ing grades, manufacturing parts which are sub- 
jected to severe stressing in service (such as 
aircraft, bearing and special gear grades ), set the 
limits as low as commercially practicable and 
hope for the best. 

In many applications the important adverse 
effects of sulphur, when in combination with 
strong deoxidation additions such as aluminum, 
are not very widely understood, or much stronger 
efforts would be made to do something about it. 
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(D1ln, ST, S, Al, AD-p35, 9-19) 


One reason is that the effects show up to the 
greatest degree in a transverse direction, and not 
nearly as strongly in the longitudinal tensile test 
piece. However, the situation is quite different 
in low-temperature transverse impact testing. 
In service, a particularly bad situation arises 
from the ferrite films which form at the primary 
grain boundaries of the quenched microstruc- 
ture, and in which are the starting points for 
stress concentration and fatigue failures. 

Today the American steelmaker is making 
little if any progress in sulphur control. Much 
of it originates in the coal used to make coke and 
produce gas, and in the fuel oil used for melting 
on the openhearth. The result is undesirably 
higher sulphur in hot metal and cold pig iron 
from the blast furnace, and also a pickup in open- 
hearth melting. Due to the low quality of pur- 


*Consultants, Cleveland, Ohio. 
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chased scrap, there is at present a tendency for 
the charge to melt in with a definitely higher 
sulphur content than formerly — especially in the 
electric furnace —a tendency which is quite 
widespread and will increase as the demand for 
scrap increases. The first result is increasing de- 
lays and costs in the melt shop, due to extra time 
for sulphur reduction with its severe wear and 
tear on the furnaces due to the higher tempera- 
ture and the necessary higher lime slag. This 
state of affairs, combined with the practically 
universal use of aluminum to produce the “fine 
grain” steels, markedly increases the conditioning 
costs, especially in the low-carbon, plain carbon 
grades, for reasons that will be discussed later 
in this article. 

We begin our review by stating that in the 
special aircraft, bearing, gear and other highly 
stressed steels where the best possible quality 
is desired, every effort is made to get a steel 
which is as low in sulphur as commercially 
possible. Much has been written about the two 
principal forms in which sulphur exists in steel, 
and we have been told that all that was needed 
to overcome the adverse effect of sulphide exist- 
ing as an intergranular film (Type II) was to 
work throughout a heat with a relatively high 
minimum of manganese in the bath; the iron 
sulphide would then change to the spheroidal or 
block type of inclusion (Type 1), more or less 
harmless. Intergranular films are greatly elon- 
gated in the direction of working and give the 
rolled bar strong directional properties. Thus, 
the sulphide film would interfere but little with 
carbon diffusion in a longitudinal direction but 
would block it in a transverse direction, resulting 
in a relatively continuous and uniform martensite 
longitudinally after quenching — but because of 
the carbon-free high-sulphide boundaries, heavy 
ferrite films would also form parallel to the axis 
even after the best of quenching. A fully 
hardened piece would contain boundaries of 
ferrite throughout the martensite, resulting in a 
sensitivity to fatigue failure and relatively poor 
transverse properties — especially those measured 
by subzero impact tests — which would make the 
steel unsuitable for such parts as bearings, 
torsion springs, artillery gun barrels, gears and 
many highly stressed important parts. 


Steel Refining Practices 


For at least 50 years it has been assumed that 
manganese is good medicine for sulphur. We 
wish to emphasize that almost any such bene- 
ficial effect it might have had disappears in the 
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presence of much more than 0.005% of aluminum 
in the steel! There is some mystery about the 
sulphur and aluminum combination, yet much 
hard experience with the hot shortness (surface 
condition ) of high-sulphur steel (with and with- 
out aluminum) would indicate that the degree 
of oxidation is the critical factor and the bene- 
ficial effect of the manganese may in some way 
be connected with this. 

We have known for a long time that, when 
making a low-carbon high-manganese steel with- 
out any addition of aluminum or silicon, any hot 
short tendency as indicated by surface defects 
in the blooms or billets could be much reduced 
if we ran up the iron oxide in the slag high 
enough. Since higher iron oxide can be carried 
in the tapping slag in a 0.10% max. carbon steel 
(if necessary above 30% in the electric furnace ), 
we could eliminate practically any hot short 
tendency even with the highest of sulphur addi- 
tions (0.250 to 0.300%). Thus it was established 
that, for the lowest conditioning costs in the high- 
sulphur steel, the iron oxide in the tapping slag 
must be above a high minimum figure (30%); 
any figure below this showed up quickly in hot 
shortness*, bad surfaces and high conditioning 
costs. This was true even though the manganese 
were above 1.20% in the steel, in which case the 
high iron oxide slag could only be obtained be- 
cause the carbon was brought below 0.10%. 

Now comes the use of aluminum for grain size 
control. Aluminum is a strong deoxidizer; it 
eliminates practically completely any iron oxide 
in solution in the liquid steel, forming aluminum 
oxide — which, by the way, has a markedly ad- 
verse effect on cutting tool life. Manganese, on 
the other hand, is a relatively poor deoxidizer; in 
spite of the rather high manganese content in 
the low-carbon high-sulphur steel, much iron 
oxide can remain when the tapping slag has 
above 30% FeO. Less than 0.010% of aluminum 
in the steel will reduce the iron oxide in solution 
very close to zero. 

*Practically every ingot, being a casting, has some 
internal, intercrystalline cracks or separations and 
these when subjected to definite compression stresses 
by forging or rolling at temperatures above 2000° F. 
will usually weld up and disappear — that is, they 
will unless the intercrystalline separation is caused 
by the precipitation of films, iron sulphide or bubbles 
of hydrogen or nitrogen, when it will be very difficult 
if not impossible to weld. The discontinuity will 
not decrease when hot worked but probably increase. 
This is what is known as a “hot short” condition and 
its prime cause in fine-grained steels is the addition 


of aluminum te heats which have more than 0.020% 
sulphur. 
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A.S.T.M. 
Grain Size 


lack of iron oxide ), it would be inter- 
esting to know why a slag with high 
minimum iron oxide promotes coarse 
grain and overcomes hot shortness. 


Type 


When we analyze this problem, we 
will find that this occurs only in very 
low-carbon, low-silicon and alumi- 
num-free steels; in spite of the high 
sulphur, the surface conditioning 


costs will be close to zero. If the 
slag iron oxide drops below 30%, 


Type | Type li 


Carbon Range 


— Hot Short === 


surface troubles start, and as soon as 
it gets close to 20% the conditioning 
costs really go up. 


Type il 


It is quite obvious that only a very 


— Hot Short — 


Type | 


Low Carbon 


few grades of steel can be tapped 
with the iron oxide in the slag above 
30% and the carbon below 0.10%. 


0.001 0.002 0.004 0.01 0.02 0.04 
Soluble Aluminum, % 


Fig. 1 — Type of Sulphide as Related to the Alu- 
minum Addition, Carbon Content and Grain Size. 
Adapted from “Effects of Various Deoxidizers on 
the Structures of Sulphide Inclusions”, by C. E. 
Sims, H. A. Saller and F. W. Boulger, Transac- 
tions, American Foundrymen’s Society, 1949 


It is interesting to note that it is afier the iron 
oxide in the molten steel has been reduced to 
almost zero by the aluminum addition that any 
aluminum added starts to reduce the grain size. 
In fact, it is the first addition of aluminum added 
after the elimination of iron oxide that is the 
biggest factor in grain size control. (Some 
authorities say this is because the aluminum 
combines with nitrogen to form the nitride.) It 
is also important to note that, in spite of any 
manganese present, the Type II sulphide is 
formed after any iron oxide is reduced by the 
aluminum, and Type II sulphide is formed more 
or less coincidentally with the aluminum addition 
required for minimum grain size, After this 
optimum addition, any more aluminum results in 
a gradual grain coarsening effect and a gradual 
change of the sulphide from the film Type II 
(responsible for hot shortness) to the nodular 
Type II. This change is shown diagram- 
matically in Fig. 1. 

It seems quite logical to relate the causes 
which result in the finest grain with the causes 
which result in Type II or film-type sulphides 
and the maximum tendency to be hot short in 
rolling or forging. Since this grain size and 
adverse sulphide effect has been frequently re- 
lated directly to the iron oxide (or rather the 
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However, the fact remains that the 
addition of aluminum to molten steel 
for grain size control to meet the 
steel buyer's specification is accom- 
panied by an undesirable sensitivity 
to even relatively low sulphur, not 
only because of hot shortness effects 
but also because of ferrite separation 
in quenched martensite structure, 
and because of strong directional properties 
which are induced. 

Thus we can state that as long as fine grain 
size is almost universally specified, the effect 
of sulphur even when below 0.030% will be bad 
(costly) both to the steel user and the steel- 
maker. This is especially true of plain carbon, 
low-carbon steel where the usual steel buyer 
unthinkingly specifies a “fine grain steel”. He 
gets an aluminum-treated steel, costly to the 
steelmaker because of its high conditioning costs 
and low yield, and costly to the purchaser be- 
cause of its poor results in heat treating, poor 
tool life, and poorer machinability and reduced 
transverse properties. 


Effect of Ingot Practice 


What is really important in the “quality” of 
steels used for important highly stressed mechan- 
ical parts of today’s machines? We believe that 
what the buyer hopes to get for his expensive, 
highly stressed, special heat treated aircraft, 
bearing, or other part is steel which has a struc- 
ture which, on being heated above the critical 
range, will dissolve all the iron carbide it 
contains, and the carbon (or carbide ) will diffuse 
uniformly throughout the austenite. On quench- 
ing, he expects this steel to transform into a 100% 
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martensitic structure, completely uniform, in 
those regions where the critical quenching rate is 
exceeded. He also expects that this uniform 
martensite, free from ferrite, bainite or fine 
pearlite, can be tempered to give the desired 
combination of strength and ductility in the 
finished part, with no highly local areas of low 
strength caused by ferrite or nonmetallic in- 
clusions. 

This of course is not easy to accomplish. 
When we stop to think about all the factors 
which interfere with the production of 100% 
martensite, no matter how fast a quench is avail- 
able, we must be ready to make some important 
concessions. One of the most important of the 
practical facts of life in the steel plant, which 
result in segregation and concentration of un- 
desired nonmetallics and ferrite in the quenched 
piece, is the ingot itself. A large ingot prevents 
any assurance that the quenched and drawn part 
will be free from actual microcracks and films 
of low strength. This arises from the highly 
uncertain and extremely nonuniform microstruc- 
ture of that large steel casting that is known as 
the ingot. 

American commercial steelmaking now in- 
volves the pouring of a large steel casting weigh- 
ing several tons, poured into a heavy iron mold. 
As it solidifies it develops large chill crystals 
which first grow rapidly at right angles to the 
surface and then in a more equi-axed manner 
as solidification progresses inward. Certain 
elements such as sulphur, nitrogen and hydro- 
gen are quite soluble in the liquid but quite 
insoluble in the solid steel, and these come out 
of solution as the chill crystals form. Under 


68 


Fig. 2—Slagging Off a 35-Ton 
Arc Furnace at Midland Plant 
of Crucible Steel Co. of America 


certain conditions, they concentrate around the 
solidified crystals as boundary nonmetallic films 
which interfere with the diffusion of carbon be- 
tween solidified metal and the remaining mother 
melt, so providing the first interference with the 
formation of uniform metallic structure in the 
finished steel part. 

Subsequent mechanical working of an ingot 
tends to break up these segregates into a more 
disperse form, and this is why we can feel more 
confidence in a forging or small rolled part which 
has been greatly reduced from the as-cast struc- 
ture of the ingot. It is for the same reason that 
such parts as large turbine rotors or similar forg- 
ings made from aluminum deoxidized ingots 
(which have relatively little reduction from ingot 
to forging) are so extremely sensitive to ingot 
boundary segregation of nonmetallics such as 
sulphur and hydrogen. 

Since nearly all high-grade steel is now cast 
in a large mass and weakening segregates are to 
be expected, we must make every effort to elimi- 
nate the causes as well as the effects of such 
segregation. Here again the first approach 
would be to eliminate sulphur and hydrogen, 
especially in aluminum-killed grades, from the 
molten steel. Another move in the right direc- 
tion would be to reduce the size of the cast ingot 
to the very minimum, by continuous casting of 
billet size. 


In a large ingot there is every opportunity for 
the segregation of those elements which are less 
soluble in the solidified steel than in the melt. 
The segregates are usually of microscopic size 


in the finished bar. This segregation also 
reaches a maximum of concentration in the last 
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with sulphur i in a 0.020%. 
( This chromium-nickel-molyb- 
denum steel with no aluminum added at 
any time, but to which 0.15% vanadium 
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Fig. 3 — Quantitative Effect of Aluminum on Ductility 
From 
“Effect of Aluminum on the Properties of Medium 
by C. E. Sims and F. B. Dahle, Trans- 
1938 


and Impact Strength of Grade B Cast Steels. 


Carbon Steel”, 
actions of the American Foundrymen’s Assoc., 


metal to freeze at the grain boundaries of large 
chill crystals and in the metal originally located 
at the top central portion of the ingot. To some 
degree, it exists in microscopic form throughout 
the whole ingot, especially in places where 
critical combinations of a strong deoxidizer such 
as aluminum are present with sulphur, hydrogen 
and nitrogen. This is a natural effect. Except 
for a very short time during the initial chilling 
against the mold wall, selective freezing is going 
on throughout the whole period of solidification. 
Everything in Fig. 3 that Sims and Dahle showed 
was true about the effect of aluminum and 
sulphide inclusions on the ductility of a steel 
casting is equally true about a steel ingot. 
Definite steps should be taken either to eliminate 
sulphur from the ingot composition, avoid the 
use of a critical amount of a strong deoxidizing 
addition such as aluminum, or cast continuously 
in small cross sections —or all three of these 
precautions together. 


Welding, as it is usually performed, pro- 
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had been added in the furnace at tap.) 

Low sulphurs are also of value to the 
buver of special requirement, flat rolled, 
low-carbon products. Sulphur well below 
0.020% will make an important improve- 
ment in high-silicon electrical strip steels, 
especially when processed into special 
grades involving grain orientation. In 
fact, the extra-low sulphur is an important 
factor in developing extra high and uniform 
physical and electrical properties in both the 
longitudinal and crosswise directions, This effect 
is traceable to the sulphide segregation in the 
ingot already noted, and to the effect of deoxida- 
tion on the sulphide type and distribution. A 
similar effect — but to a less degree — is noted in 
continuous annealed auto body and extra deep 
drawing steel. 


0.020% Max. Sulphur Recommended 


0.26 


In some rolled bars it has been observed that 
when the sulphur decreases below 0.020%, the 
silicate inclusions also decrease to an important 
degree. This indicates a direct connection be- 
tween silicate inclusions, deoxidation, and the 
type of sulphide segregation in the ingot — again, 
an important factor in special bearing and air- 
craft steels. 

From the above discussion of sulphur and 
aluminum in steelmaking it becomes evident that 
the two form a bad combination, especially in 
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steel for heat treated, highly stressed special 
requirements, as well as for extra deep drawing 
sheet and strip stock, steel castings, and ingots 
for important large forgings. Usually when 
aluminum is added to such steels, it is to meet 
a fine grain specification, and special emphasis 
is put on low sulphur. Unfortunately, the 
aluminum which develops the finest grain is just 
the amount which has the maximum tendency 
to produce the film type of sulphides with attend- 
ant hot shortness, ferrite formation in the mar- 
tensite, and poor transverse properties. Sims 
and Dahle in 1938 showed that this adverse effect 
of aluminum was practically eliminated in the 
steels they tested when the sulphur was below 
0.020%. For this reason it would seem logical 
to recommend that in any steel for an important 
application the maximum sulphur should be set 
at 0.020% if aluminum is to be added for grain 
size control. 

Little is now being done in the melting shop 
to overcome this extremely costly combination 
of sulphur and aluminum, except to work longer 
with heavier and more alkaline slags in the open- 
hearth and higher temperatures and the time- 
honored, slow, uncertain calcium carbide lime 
slags in the electric furnace. For the most part, 
steelmakers seem to be satisfied with things as 
they are. However, when the advantages of 
much lower sulphur limits are discovered by 
the user as well as the maker of fine-grained 
(aluminum treated) steels, means will be found 
for their commercial production. 

In our opinion it is time for the steel user 
(and producer) to wake up and insist that if 
aluminum is going to be added to a heat of the 
special requirement steel for so-called grain size 
control, the sulphur must be below 0.020%. 

While it might be agreed that sulphur below 
0.020% would be highly desirable in all special 
grades of fine-grained steel, our present methods 
of eliminating sulphur from the bath would 
make such limits very costly to meet. It will 
only take some realistic studies, however, to 
conclude that such steels will be worth what they 
cost in improved production and performance of 
the finished part, to say nothing of the lower 
conditioning costs in the steel mill. The steel 
companies will have to make the necessary im- 
provements in equipment or install power 
devices which will remove sulphur from hot 
metal at the blast furnace or mixer, or from the 
molten charge from the electric furnace or open- 
hearth. All that is needed is the necessary pres- 
sure from the steel purchaser. A satisfactory 
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commercial method will then be developed. 

One could easily get into long arguments 
about the economics involved in making extra- 
low-sulphur heats. One can expect an immedi- 
ate and loud reaction from the steel industry that 
it does not make sense and it is not at all 
practical. The coke producers, the blast furnace 
operators and the steelmakers will claim that 
many of their best men have spent years on the 
subject of sulphur reduction, and what is being 
done today represents the commercially possible. 
This is no doubt true with production equipment 
as it is. A new approach will be necessary in 
new and separate equipment of single-purpose 
design, added to the present production line. 

Some other good men have also demonstrated 
that under the right conditions sulphur can be 
removed from iron and steel in a small fraction 
of the usual time and to a degree seldom men- 
tioned in public. We have ourselves seen occa- 
sions in our work around the electric arc furnaces 
where a combination of extra high temperature, 
violent agitation, and fresh limestone addition 
has brought the sulphur in a few minutes from 
0.060 down to 0.010%, during the carbon boil. 
We have also seen occasions where a melter 
would spend an hour getting the sulphur down 
ten points in a deep dead bath, under a cold slag 
of heavy burnt lime and calcium carbide — all 
the while giving most of his attention to the 
reaction of calcium carbide and water. 


Special Refining Equipment 


The importance of fluidity in a highly alkaline 
slag, high temperature of steel in the bath, and 
a continuous — almost emulsified — contact be- 
tween slag and every possible part of the metal 
is well known, if sulphur is to be quickly reduced 
to a harmless figure. It is difficult in the modern 
large melting furnace, The reduction of sulphur 
is badly handicapped in both the electric and 
openhearth by the relatively poor area of contact 
between the barely liquid slag and liquid metal, 
and the definite lack of turbulence or agitation 
of the bath metal in close contact with an excep- 
tionally fluid slag. 

If the above requirements are met, and the 
temperature is approximately 3000° F., sulphur 
can be cut rapidly to a very low figure. In some 
electric furnace practice, sulphur can be reduced 
to almost any desired amount during the carbon 
boil. 

One of the basic works on desulphurization 
was published by Diirrer, Hellbriigge and 
Marincek in Archiv fiir Eisenhiittenwesen in 
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1941 under the title “Desulphurization With Acid 
Slags”. They showed that under specified con- 
ditions, combinations of SiO., CaO and a flux 
(Al,0;) would quickly remove sulphur from a 
very high level down to a very low level if the 
temperature were high enough. The surprising 
fact emerged that silica alone (100% SiO, slag) 
was very effective under certain conditions and 
would reduce the sulphur content of a hot metal 
from 0.100 to below 0.010% in a few minutes at 
3200° F. The function of the alkaline addition 
(lime) to the silica was to achieve the same 
result at lower temperatures. The best result 
was had with a slag whose composition corre- 
sponded to that for highest fluidity. 

Other published work has indicated that 
sodium compounds are better sulphur eliminators 
than calcium compounds, but since the former 
react rapidly with superheated refractories they 
are not usually considered as being practical. 
This objection might be removed by constructing 
a separate chamber for eliminating sulphur, so 
designed as to protect the refractories from the 
sodium compounds. Such a simple method 
would involve equipment whereby the very hot 
and fluid reacting (desulphurizing) slag could 
be carried in intimate contact with the agitated 
and very hot surface of a relatively thin sheet of 
liquid steel, and the steel would separate the 
fluid caustic slag from the refractory. 

The work done by Perrin in France and Kaling 
in Sweden has indicated that the prime factors 
for speedy sulphur elimination are large contact 
areas per ton, highly agitated and fluid intimate 
contact, and high temperature. This, of course, 
is the basis for the activity of most chemical 
reactions, Perrin’s conclusion is sound, namely, 
that the rapid refining obtained in his process 
is due to vigorous high-temperature agitation 
approaching emulsification. Exactly the same 
conditions will apply to rapid desiliconizing and 
decarburizing. 

The sooner such special equipment is de- 
veloped the sooner American industry will enter 
a new era of better and more economical steel 
production. A thin sheet of liquid metal can 
be formed in several ways—on a_ horizontal 
rotating table, on a continuous belt, in a closed 
rotating retort (batch type), or in a rotating 
horizontal retort through which the charge passes 
continuously. 

When we can produce the extra-low-sulphur 
steel needed so badly both by the quality steel 
user and the special steel producer, we can 
simultaneously (and possibly in the same equip- 
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ment) reduce the silicon and the carbon to a low 
figure. The equipment would not be difficult to 
design; it would be used in series with a pig 
machine, the mixer, or the melting furnace, and 
it lends itself to high tonnage and relatively low 
investment. Work done to date shows that the 
reactions proceed with amazing rapidity. All 
processing can be completed in seconds if the 
area per ton of contacting and reacting metal and 
slag of extra fluidity is sufficiently high. This 
indicates a relatively small continuous reacting 
chamber of simple design, with a capacity of 
several tons of finished product per minute. Any 
drive for practically sulphur-free (0.020% max. ) 
steel of high quality and fine grain size will result 
in several valuable byproducts, namely, a new 
and much brighter picture as to scrap, low con- 
ditioning costs and good production rates, 
especially in the openhearth department. 

Foundry Iron—Such a development would 
also be of great value to the foundry industry. 
The blast furnace and cupola would gain some 
important economical advantages by being able 
to use coke with a much higher sulphur range 
and at the same time cutting down on the lime 
and the necessary coke per ton of iron because 
the sulphur (and the silicon) could be easily 
removed from the hot metal after it leaves the 
furnace. 

Sulphur has some effects in the foundry which 
are not talked about very much but are impor- 
tant. For example, its influence on graphite 
formation during the solidification of iron. In 
gray iron castings a small percentage of sulphur 
(0.03% min.) will expedite the formation of 
flaky graphite (and prevent the nodular form). 
Hence, low-sulphur gray iron is used in the 
process developed by Ihrig to produce a ductile 
cast iron which approaches steel in properties. 
The process consists of adding magnesium 
chloride and calcium silicon to low-sulphur gray 
iron in the cupola runner or the ladle. Use of 
such improved metal will grow as its superior 
economics and physical properties become more 
widely known. 

Such an important return would accrue to both 
the steel and iron producer and the steel and 
iron user that American experts on high- 
temperature chemistry and mechanical engi- 
neering should work together to solve the prob- 
lem. In a relatively short time after such a 
program was started, in our opinion, the com- 
mercial equipment necessary will be available. 
Eventually 0.020% (max.) sulphur will become 
standard for quality steel in the industry. ] 
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Research 


An informal address (somewhat condensed) before the meeting of the 
Atomic Energy Commission’s Welding Committee in Oak Ridge 


anagement 


By ARTHUR R. LYTLE* 


last September, wherein the speaker outlined the responsibilities 
and relationships between corporation executives, laboratory managers, 
and specialized personnel necessary to achieve 


A Is A TRUISM that research, during the 
last half century, has brought about tremendous 
changes in our entire method of living and has 
completely modified our social structure. Those 
of us who are close to research activities, how- 
ever, are sometimes amazed at the confidence 
placed by people in other professions and in 
businesses of all sorts, upon the mere fact that 
research will be undertaken. While it is true 
that most problems can be solved if enough work 
and time are spent on them, in a good many 
instances there must be a little hesitation on the 
part of responsible individuals as to the timeli- 
ness of such research effort. Perhaps it is be- 
cause of such unfeigned confidence in the 
capabilities of research that the tremendous 
accomplishments have been attained! Such an 
attitude is undoubtedly a strong morale builder 
when the chips are down on a tough problem. 

It might be profitable for once to consider the 
factors that could deter successful research — 
therefore factors that must be given serious con- 
sideration. Much has been said about the ways 
whereby laboratories can be set up, organized 
and implemented, assuming that left on their 
own such laboratories always come up with 
favorable and desirable results. Of course this 
is not necessarily true; many are the actions or 
lack of actions by management and the research 


*Vice-President — Research, Electro Metallurgical 
Co., a Division of Union Carbide and Carbon Corp., 
New York. 
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commercial results from organized research. (A9g) 


men themselves which definitely can deter, 
handicap and otherwise reduce the productivity 
of a research effort and even the possibility of its 
success. 

If we define research as those activities which 
introduce into an enterprise or organization the 
possibility of producing new products or using 
new processes which differ appreciably from 
those in which they are normally engaged, 
research embraces a pretty broad spectrum of 
activities. In describing the factors that might 
hamper a research program, at least three differ- 
ent levels of responsibility must be considered, 
namely, top executives, local or laboratory man- 
agement, and the individual scientist. 


Top Management Initiates 


Top management determines in the first place 
that research is necessary and in a broad sense 
indicates the general area of the activities. The 
other obvious responsibility of top management 
is to see that the necessary money is provided. 

In addition to these primary functions, the 
first major responsibility that management must 
assume when setting up a research facility is 
to provide for the new plant, new operating staff 
and new sales organization that automatically 
follow any decision to enter a new business or 
to introduce a new product which results from 
the organized research. Most of the new 
products and new processes will embrace entirely 
new technologies — usually for the full breadth 
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and depth of the operations. Experts in many 
fields, perhaps seemingly unrelated to the one 
in question, are needed to understand and study 
all the ramifications of a new project. 

If, for instance, the product is a new metal, 
experts in mineralogy, ore processing, smelting, 
new chemical engineering methods, solid state 
and surface physics, analytical chemistry and 
chemistry of new materials are needed in the 
fundamental studies. Men must also be pro- 
vided who can not only appraise the product as 
it might be used commercially but also find out 
in a preliminary way the needs of industry or 
the possible uses to which industry might put 
new products of a similar nature. Simultane- 
ously, cost studies of the process must be made, 
at least in a preliminary manner, by the members 
of the research staff in order to guide the project 
properly. An active New Product Promotion 
Group must be set up to supply the laboratory 
with information concerning the desirability, 
acceptability or deficiencies of such new prod- 
ucts or processes as are brought to their atten- 
tion. If this department is undermanned 
proportion to the research effort, a very serious 
deterrent will exist to making the research pro- 
gram successful. 

Provision must also be made by top manage- 
ment to take the result of research as soon as it 
has been demonstrated to have a favorable 
market, and set up a facility in what might be 
called a New Product Department for produc- 
tion on a moderate scale. This facility, of course, 
can serve the function of a pre-pilot operation 
whereby the engineering problems associated 
with large- -scale production can be evaluated. 
The ease of transition from research to plant 
will be seriously impaired without effective 
operation of such a group producing suitable 
material in sufficient amount for full market 
evaluation. 

Top management must be aware of the fact 
that when it sets up a research laboratory, much 
more is required than merely the presence of a 
group of scientists. If top management does 
not provide all the necessary supporting services, 
the research very probably will not pay off. 
Furthermore, in order to maintain high morale, 
cooperation and effectiveness in a research labo- 
ratory, it is essential that equal recognition be 
given not only to the men who think of the idea 
first but also to the men who contribute to the 
engineering, market evaluation and general 
service technology which eventually make the 
project a success. 
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These, then, are the principal responsibili- 
ties of top management to a successful research 
effort. The responsible executives should recog- 
nize what they are getting into and be ready to 
take advantage of what comes out. 


Local Management Operates 


Local management (the responsible director 
of the particular laboratory) must make the most 
important decisions that can assure or impair 
the success of a research effort. These decisions 
can be made in matters of program, organization 
and personnel. 

Let us first consider the program. 

The program can be defined as a combination 
of projects or research efforts on small, medium 
and large scales. Obviously the policy or 
philosophy may vary with the size or importance 
of the effort, so let us consider first the small 
pioneer investigation. Hopefully, this will be 
the source of the larger scale and successful 
research projects on which the laboratory will 
be working two to seven years later. This type 
of original work based on original thinking can 
come from any one member of the staff and 
must be encouraged regardless of the urgency 
of current large-scale effort. The laboratory 
manager is under obligation to himself as well 
as to the top executives to see that new ideas, 
new products and new concepts are forthcoming 
in a steady stream. Hence he must make posi- 
tive provision for their initiation. 

In one laboratory which I know about, in order 
to encourage any staff man to explore any new 
ideas he might have, each individual was author- 
ized to spend up to a certain amount of time 
on any project without any questions asked 
except to let his section leader know what he 
was doing. This scheme, however, did not really 
accomplish as much as was desired, although 
it is still available for use. It turned out — as in 
most research work — that new ideas germinate 
in the minds of a few individuals, the type that 
are imaginative and creative. Experience in- 
dicates the desirability of giving such men con- 
siderable freedom of operation, separating them 
from the more routine operations of the labora- 
tory and forming, in a sense, an integral group 
where ideas can be generated and tested in a 
preliminary manner. 

Now that the program on initiating ideas and 
new products is functioning satisfactorily, next 
will arise the problem for local management to 
decide and that is, “Which of these various ideas 
offers the best promise of a good business ven- 
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View Inside Experimental Kiln for Study- 
ing Use of Oxygen in Steel Melting 


ture?” Some ideas fit easily into the current 
business and perhaps only a nominal appraisal 
is needed, but most of them, if they conform to 
the definition of research set forth in the first 
section of this article, are going to require con- 
siderable speculation, thought and study because 
their ramifications are many. Here also good 
judgment must prevail; enough facts are seldom 
available at this stage to judge adversely. I 
would emphasize that adverse judgment is one 
thing to be feared — that a negative decision is 
made without adequate facts. (A _ positive 
decision at this point can be corrected later if 
things do not develop as hoped for. ) 

If the project at this stage —be it a product 
or process —is within the current or hoped-for 
area of interest, plans will generally be made 
to proceed with the next step. Here again is 
where local management has to plan properly, 
else considerable time and money can be wasted 
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and a good idea perhaps discarded needlessly. 

Assume, for instance, that the idea is a new 
metallic compound. Up to now it has been made 
in only gram or ounce quantities, but it shows 
promise for some special use. In all likelihood 
it will now be necessary to re-assign the work 
on this material because the inventor does not 
have the equipment in his department nor per- 
haps the aptitude to evaluate it at the next step. 
What are needed now are surveys of alternate 
methods of production, looking for the optimum 
one; preliminary studies of engineering prob- 
lems that will be encountered in its production; 
production of a sufficient quantity for field test- 
ing; active follow-up on the field testing, not 
only in the indicated field but also in other less 
obvious fields. From these tests will be learned 
whether the properties, characteristics, costs and 
other essential features of a commercial product 
are as hoped for, or if they need some modifica- 
tion such as grain size, purity, color, and so on. 
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The guiding philosophy of laboratory manage- 
ment all through this phase must be that the 
information gathered is as accurate as possible, 
is as wide as possible and embraces all the 
possible markets, is practical in the engineering 
sense, but above all, is reliable. It is the respon- 
sibility of local management to learn as much as 
possible during this low-cost phase of a com- 
mercial development. 

If, while the product is in this phase, local 
management keeps top management well in- 
formed about the project, its significance and 
promise, through progress reports, management- 
research meetings (and perhaps special project 
presentations) and furthermore if the project 
lives up to expectations, then the decision con- 
cerning the next step into pilot-plant or large 
scale production is practically determined. The 
only remaining responsibility of research man- 
agement is then to see that all data and 
other information are properly and adequately 
transmitted. 

Other local management responsibilities in- 
clude (a) being sure that all who could help are 
kept up-to-date on the technology, engineering, 
and uses of a current project; (b) being sure that 
experience already available in the laboratory 
or other units of the company is brought to bear; 
(c) being sure that library, patent and other infor- 
mation becomes automatically available to any 
project leaders; and (d) fostering an atmosphere 
wherein each staff member feels he is a part of 
the team. All of this can, of course, best be 
brought about by organization and planning. 

The laboratories with which I am most familiar 
make free use of the committee system. One 
or more committees is set up for each project 
which is large enough to justify them. These 
committees are composed of the project leader, 
most of the technical men on the project, and 
appropriate specialists from other departments. 
(In passing, I will point out that here is a good 
place to introduce your idea men.) The com- 
mittees periodically review the progress of work, 
criticize or comment on such phases as are 
lagging and obviously in need of discussion, and 
in general serve as technical monitors. 

Another important provision that must be 
made if the laboratory personnel ( particularly 
at the internal directing level) is to be able to 
appraise the performance properly and thereby 
guide their projects is for the group managers, 
or those directly responsible for projects, to 
know what charges have been made against the 
project and a reasonable breakdown of these 
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items. This financial information will let the 
project leader know how he is conforming to his 
budget, whether excessive charges are creeping 
into his account, and whether he is working as 
hard on the job as was intended. It also has the 
very important value of making him feel a real 
responsibility not only for the technical success 
but for the fiscal soundness of his work. 


Individual Scientist a Team Member 


Finally we should consider the very important 
matter: “How can the individual worker best fit 
into a research project so as to assure its suc- 
cess?” This is in large measure the crux of the 
matter because no matter how well the labora- 
tory is equipped, organized, and supplied with 
all the supplementary facilities that general 
experience and theory call for, no really success- 
ful and integrated effort can succeed unless the 
individual scientists, technical men, and tech- 
nicians work wholeheartedly toward the desired 
end. The individual must, in the main, lose his 
individuality and really act as a member of the 
team. 

Now this isn’t always easy for a scientist who 
has become something of an expert in his field 
or for a technical man who already has a reputa- 
tion in an area. Nor is it always easy for man- 
agement to convince these men that their best 
contribution can be to a group effort rather than 
as a lone operator. The natural desire of people 
with specialized training or aptitudes is to gain 
recognition. This can best be achieved by either 
increased pay or a distinctive title. Obviously, 
a combination of both is most likely to encourage 
the man but nevertheless the use of a distinctive 
title is very important. By this means it is 
possible to indicate to others that such a man 
has and very satisfactorily fills a unique position 
in the laboratory. Therefore, he will be re- 
spected for that position. The importance of 
proper titles must not be overlooked in consider- 
ing the personnel relationships in a research 
laboratory. 

In conclusion, success in research depends 
not on the construction of glamorous laboratories 
but rather on positive actions and policies on 
the part of top and local management in choosing 
and planning projects, critically reviewing 
progress from the technical and economic view- 
points, developing a team spirit among the 
individual scientists, and adequately commer- 
cializing the results of research. Improper 
recognition of any of these responsibilities may 
easily lead to unprofitable research activity. @ 
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Fig. 1 — Movement of Dis- 
locations During Annealing. 
The crystal of lithium fluor- 
ide was etched, annealed 
16 hr. at 400° C., then re- 
etched lightly. The pits 
with flat bottoms show 
where the dislocations were 
before the anneal; the 
pointed pits show the dis- 
location position after the 
anneal. Some before-and- 
after positions are shown by 
arrows. Across the upper 
right corner is a subgrain 
boundary that moved 
slightly during the anneal 
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Movement of Dislocations 


By JOHN J. GILMAN and WILLIAM G. JOHNSTON* 


1. IS NOW POSSIBLE to observe dislocation 
motions in crystals. Although the illustrations in 
this brief note are of nonmetallic crystals of 
lithium fluoride, they show by analogy how 
dislocations probably move in metal crystals. 

The experiment is simplified because of the 
highly specific way in which lithium fluoride 
crystals can be etched. Lithium fluoride has 
the same crystal structure as common. salt 
(NaCl), and like salt it can be readily cleaved 
along its cube (100) planes. Specimens pre- 
pared by cleavage have flat mirror-like surfaces. 
When these surfaces of lithium fluoride are 
etched in 1 part of concentrated HF, 1 part 
glacial acetic and a pinch of FeF,, they are not 
attacked uniformly. Almost no attack occurs 
except where a line of dislocations intersects the 
surface. At these dislocation sites, small pits 
grow with a pyramidal shape. Examples of this 
phenomenon may be seen in the accompanying 
photographs. 


*Resedrch Laboratories, General Electric Co., The 
Knolls, Schenectady, N.Y. The micros won honorable 
mention in the last @ Metallographic Exhibit. 
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The etching attack is so sensitive to the 
presence of dislocations that, if the dislocation 
moves away from the bottom of the etch-pit, 
the pit immediately stops getting any deeper 
although it continues to grow sidewise. Thus 
it becomes “flat-bottomed” or truncated and can 
be distinguished easily from the pointed pits at 
places where dislocations are still present. Thus 
one can see the “before” and “after” positions of 
dislocations which have moved. 

Dislocations can move in two ways. They can 
“glide” easily if a shear stress is applied to them, 
and at somewhat elevated temperatures they 
can also “climb” when vacancies diffuse toward 
or away from them. Both of these processes are 
illustrated in the photographs. 

The photographs were made with a metallo- 
graph using oblique reflected light. Transmitted 
light is not suitable for observing the pits. For 
work at high magnifications, the contrast can be 
increased by evaporating a thin film of silver 
onto an etched surface. 

There is much cogent evidence that the pits 
represent dislocations. Perhaps the most con- 
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Fig. 2— Glide of Dislocations During Plastic Bending. The crystal was bent slightly and 
etched, then bent slightly more and re-etched lightly. This view looks parallel to the 
axis of bending, the plane of the photograph is the neutral plane, the cube (100) plane. 
Dislocations have glided along (110) planes toward the neutral plane from both sides 


vincing reason is simply that they are found in expected of dislocations. Furthermore, a dislo- 
arrays that are just what theory would predict. _ cation is defined as a “line imperfection” in a 


They are located in subgrain boundaries in crystal, and by etching lithium fluoride crystals 
as-cast crystals. They are found arrayed neatly very deeply, it is found that the bottoms of 
along glide planes in deformed crystals. When etching pits follow definite lines going through 
a deformed crystal is annealed they disappear. the crystals and hence conforming with the 
In all events, the pits behave just as would be definition of a dislocation.  } 


Fig. 3 — Glide of an Isolated Dislocation. Technique was as in Fig. 1, 
but in three successive steps. Arrows indicate the direction of motion 
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Cracking Tendency 


in 
Heavy 


High-Temperature 
Steam Piping 


By HENRY M. SOLDAN 
and CHARLES R. MAYNE* 


A. Is worTHY of note that, despite much 
use of chomium-nickel steels in high-tempera- 
ture equipment in central station service, the 
established grades of the A.LS.I. Type 300 
Series, such as 316, 321 and 347, were developed 
for the chemical industry, the latter two largely 
to avoid chromium depletion in metal alongside 
welds which had resulted in “intercrystalline 


*Mr. Soldan is senior engineer in the Electric 
Engineering Dept. of Public Service Electric and 
Gas Co., Newark, N.J., and Mr. Mayne is metallur- 
gist in the Development and Research Division of 
International Nickel Co., New York. This paper is 
a shortened version of a presentation at the sixth 
annual meeting of the Atomic Energy Commission 
Welding Committee at Oak Ridge, Tenn., in Sep- 
tember 1956, entitled “The Role of Ductility as 
Related to Service Performanee of Heavy-Wall 
Austenitic Steel Pipe Welds”, and it appears in full 
(with discussion) in Welding Journal for March 1957. 


78 


Stabilized 18-8 (Type 347) 
is the conventional material 

for high-temperature steam service. 
Occasional cracks alongside welds 
may be avoided by using 

metal and welding electredes 

(like 16-8-2 Cr-Ni-Mo) which have 
60% reduction of area or more 
when cooled from 2400° F. 

and tested at 2300° F. 
(Q23p, 2-12; SS, 1-7, 9-22) 


embrittlement” in welded piping in certain 
chemical processes. None of these steels were 
actually developed for high-temperature steam 
piping. 

The requirements for both welding procedures 
and operator qualifications for high-temperature 
weldments have been that the specimens meet 
the various tests performed at room temperature 
as prescribed in the A.S.M.E. Boiler Code. It 
requires no argument for a welding or metallur- 
gical engineer to agree that only a ductile metal 
could be expected to be welded crack-free, and 
that considerable ductility is a prime require- 
ment for closed metallic structures wherein the 
temperatures undergo considerable fluctuations. 
These thermal stresses are magnified in thick- 
walled vessels or piping, especially when made 
of metal with low heat conductivity, such as the 
Cr-Ni austenitic steels. 


METAL PROGRESS 


i 
= 
J 


Nevertheless, the Boiler Code defines the 
relationship between ductility of the de- 
posited weld and the parent metal only by 
certain “essential variables” which have 
proven to be inadequate to assure satis- 
factory service performance of austenitic 
welds in high-temperature service. For 
example, when a tensile specimen contain- 
ing a weld at its middle broke outside of 
the weld, the test was considered highly 
satisfactory since it established the fact 
that the weld was stronger than the parent 
metal. 


above results we often imposed stresses in 


the weld affected zones in the adjacent > i 


parent metal which approach the yield 
point which — for other than ferritic steels 
in operation at lower temperatures — might 
result in failure unless the joint had suffi- 
cient capability to flow and contract in 
cross sectional area during solidification 
or heat treatment. 


Cracks in Type 347 


Because of its good creep and stress- 
rupture properties, coupled with compara- 
tive freedom from intergranular carbide 
precipitation, A.L.S.I. Type 347 (18-8 Cr- 

Ni, stabilized with Cb) was the original 
choice for use in heavy-wall piping. There- 

fore experience on the use of stainless steel for 
power generation is practically limited to 
Type 347. 

From the amount of publicity given to the 
failure of some of the welded joints, one might 
assume that all welded joints in heavy-wall 
Type 347 stainless steel pipe had failed or were 
on the verge of failure. The real facts are that 
only a small percentage of these welded joints 
have cracked either during welding or after 
service. These cracks have been primarily con- 
fined to the parent metal very close to the weld 
in the outer third of the pipe wall (which is 
stressed in tension from the localized thermal 
expansions and contractions of the welding oper- 
ation). A typical crack is shown at 100 
diameters enlargement in Fig. 1; it appears to 
have started at the outer surface and progressed 
at right angles to the surface, following the grain 
boundaries. While no catastrophic failures have 
occurred in service, this is probably due to the 
considerable time required for these cracks to 
propagate through the wall under the reversal 
of stresses in a high-temperature piping system 
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It seems probable that in obtaining the 5 


Fig. 1 — Typical Crack in the Outside of a Heavy- 
Walled Pipe of Type 347 Austenitic Steel in the 
Heat Affected Zone Alongside the Weld. * 100 


and result in a leak. It has often been difficult 
to repair such a crack without extending it further 
back into the parent metal. Experimental 
repairs have been made successfully with more 
ductile material from Type 308 electrodes (20-10 
Cr-Ni, not stabilized). Prescribed stress levels 
in the present Boiler Code for Type 308 for 
complete pipe-line welds would require exces- 
sively heavy wall thicknesses. 

Without attempting to review the enormous 
amount of work which has been done on the 
problem of weld cracking or to discuss the 
various theories as to the cause, we feel that 
much progress can be made if attention is con- 
centrated on ductility of the metal at high tem- 
peratures. This is evidenced by the new “hot 
ductility tests” devised by E. F. Nippes and 
W. F. Savage at Rensselaer Polytechnic Institute. 
Furthermore, O. R. Carpenter and R. D. Wylie 
of Babcock and Wilcox Co. made available in 
the spring of 1955 a new electrode known as 
Croloy 16-8-2 (16% Cr, 8% Ni, 2% Mo) and 
described at length in Metal Progress for No- 
vember 1956. This resulted from a considerable 
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40 Heat Y, on Cooling From 2450° F. 


study of the factors involved, not the least of 
which was that the weld metal should have 
sufficient ductility to absorb the stresses result- 
ing from welding without imposing more stress 
upon the adjacent parent metal in the hot 
adjacent zone than it was able to take — par- 
ticularly if the material were hot short, or if 
notches were present due to sudden change in 
cross section, or if considerable restraint were 
present in the connection due to improper design. 

Numerous tests and service applications by 
ourselves and others appear to have verified the 
fact that successful new and repair welds with 
16-8-2 electrodes have been made in Type 347 
piping which was known to be crack sensitive 


Temperature, 


Fig. 2 — Hot Ductility of Two Heats of Type 347 Stainless 


Table I — Service Material Tested in Fig. 4 


2000 


when welded with the best of the controlled 
low-ferrite electrodes known to us. 

One specific and typical case will be cited. 
In making up Type 347 heavy-wall piping con- 
nections, 10.5-in. OD x 1%-in. wall, between the 
throttle valves and the steam chests of a large 
central station unit, three of the welds were 
readily made with controlled low-ferrite Type 
347 electrodes and solution heat treated without 
requiring any repairs, while three other similar 
weldments cracked in the metal adjacent to the 
heat affected zone of the parent metal. The 
latter three welds were then remade with the 
new 16-8-2 electrodes without any cracking 
difficulty whatsoever. 


SIZE 

SAMPLE) STEEL 

O.D. 
A (8-9) 347 | Wrought pipe 6.625 0.718 
B (S-5) 347 | Wrought pipe 6.625 | 0.718 
S-16 347 Forged valve 12 2.25 
B-11 347 | Wrought pipe (6) | 10.5 1.580 
K-9 347 Forged pipe (6) 9.75 1.625 
S-42 347 Forging 7 1.125 
8-34 321 Wrought pipe 6.625 | 0.718 


SERVICE Hor 
DuctTiLity PERFORMANCE 
Hours Temp., °F. fa) 
22,720 1050 72 Good 
11,850 1050 13 Broke in service 


9,170 1050 19 Broke in service (d) 
7,000 1100 59 Good 
26,000 1100 39 Varies (¢) 
41,000 1050 10 Crack sensitive 
20,000 1050 23 (c) Crack sensitive 


(6) From rings cut from pipe in service. 
(c) Broken at 2300 °F. after cooling from 2450 °F. 
(d) Gave considerable trouble in initial fabrication. 


(a) Reduction of area, %, when broken at 2300 °F. after cooling from 2400 °F. 


(e) Good at circumferential welds; crack sensitive at support lugs. 
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Fig. 3 (Above) and Fig. 4 (Below) Indicate That Unstabi- 
lized Chromium-Nickel Austenitic Steels Recover Ductility 
Rapidly When Cooling From Near-Melting Temperatures 


on Costing From 24502 


Type 316: 16 to 18 Cr, 10 to 14 Ni, 2 to 3 Mo, 0.10 max. C 
Type 316L: 16 to 18 Cr, 10 to 14 Ni, 1.75 to 2.50 Mo, 0.03 max. C 
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Sample A (S-9) on Cooling 
From 2400° F. 


Sample B (S-5), on 
Cooling From 2400° F\ 


B, on Cooling From 2450° F. 


2200 2300 2400 


Temperature, °F. 


0 
2000 


2500 2000 


2200 2300 
Temperature, °F. 


Fig. 5 — Hot Ductility Curves on Cooling Samples of Type 
347 Steels Taken From Service, as Described in Table I 


Hot Ductility Tests 


The equipment mentioned above for testing 
hot ductility permits a tensile specimen to be 
heated to any desired temperature short of 
melting and cooled at rates approximating those 
incurred in welding to any desired temperature 
and broken. Reduction of area is an index of the 
ductility at that temperature. How this dis- 
criminates between two heats of Type 347, each 
conforming to A.L.S.I. composition limits, is 
shown in Fig. 2. When tested during the heat- 
ing part of the cycle, there is practically no 
difference in the ductility of the two heats; both 
increase up to between 2200 and 2300° F., and 
at 2400 and 2450°F. their ductilities are very 
low. When heat Y is cooled to 2300° F. from 
2400 it regains much of its dutility, whereas 
Heat X regains a much smaller portion. In 
cooling from 2450°F., the difference between 
the two is much more noticeable; ductility of 
Heat X remains below 10% (reduction in area) 
down to almost 2200° F. 

When the stresses which are imposed on 
cooling from 2450° F. are considered, one can 
readily conclude that Heat X would have a 
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greater tendency for cracking during welding 
than Heat Y. 

We have tested unstabilized stainless steels of 
the 300 series without finding one that does not 
regain its ductility rapidly when cooled from the 
peak temperature. Figures 3 and 4 show the 
results obtained on individual heats of Types 
304, 304 L, 309, 316 and 316L. In all there is 
a rapid regain in ductility when the temperature 
is lowered from the peak temperature. The 
reason for the low ductility of some heats of 
Type 347 has not been established, and until 
this has been done or until many more tests 
have been made on other Cr-Ni austenitic stain- 
less steels, it would be wrong to conclude that 
only Type 347 regains ductility at a low rate 
when cooled from temperatures approaching the 
melting point. However, the authors feel that 
the stabilized stainless steels — and particularly 
Type 347—are more susceptible to cracking 
during the welding of heavy sections than the 
unstabilized stainless steels. 

Several materials listed in Table I, which 
have been in service at various generating 
stations of Public Service Gas and Electric Co. 
of New Jersey, were tested under the sponsor- 
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Fig. 6 — 16-8-2 Cr-Ni-Mo, Both Wrought and All-Weld Metal Samples, 
Recovers Ductility Rapidly on Cooling from 2450 or 2500° F. 


ship of the International Nickel Co. to de- 
termine whether or not the hot ductility tests 
would coincide with observed performance. 
The results are shown in Fig. 5. (The curves 
are not as complete as the previous ones because 
enough specimens were not available). It is 
evident that materials A (S-9) and B-11 behave 
quite similarly to Heat Y, the better of the two 
in Fig. 2; Table I also shows that these did not 
crack during fabrication or service. Materials 
B (S-5), S-16 and S-42 behave similarly to Heat 
X of Fig. 2, and Table I shows that cracking was 
encountered in these materials. 

It is interesting to see in Fig. 6, which shows 
the results ef hot ductility tests on the Babcock 
and Wilcox 16-8-2, both wrought material and 
all-weld metal. When compared with the satis- 
factory performance of 16-8-2 in welds, the 
results are consistent. 

Accordingly it is logical to predict that the 
hot ductility test of Rensselaer Polytechnic In- 
stitute may indicate the tendency of materials 
to crack during welding. Figure 7 shows the 
range of the reduction of area as determined 
during the hot ductility tests for several alloys 
considered for high-temperature service. 
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Base Materials 


A group representing the metallurgical engi- 
neering staffs of nickel and steel producers, 
turbine and boiler manufacturers and pipe fabri- 


cators associated with Public Service was 
brought together in 1955 to discuss ways of im- 
proving service performance of austenitic weld- 
ments. Their discussions indicated that the best 
choice, at this time, for heavy-wall high-tempera- 
ture steam piping is A.I.S.1. Type 316 (16% 
Cr, 13% Ni, 24 Mo). This appears to have good 
high-temperature characteristics and behaves in 
a superior manner in the hot ductility tests. It 
is currently considered to be a stronger material 
for high-temperature service than others in the 
A.LS.I. 300 Series and is so accredited in the 
A.S.M.E. Boiler Code. Type 308, while appear- 
ing suitable from a ductility standpoint, is 
legislated against by the lower allowable “S” 
values appearing in the Boiler Code. However, 
there is a strong body of opinion that the entire 
series should be reappraised as to the effects of 
heat treatment and grain size control. 

While the vast majority of welds made in 
Type 347 austenitic steel piping now in high- 
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Fig. 7 — Range of Reduction of Area Values (Cooled From 2400 and 
Broken at 2300° F.) as an Index of Hot Ductility. Wrought metal, except as 
shown. Starred items were cooled from 2450 and broken at 2300° F. 


temperature steam service have been entirely 
satisfactory, the erratic behavior in the hot 
ductility tests is indicative of erratic performance 
in both welding and service when a poor heat 
of this material is encountered. 


Metallurgical Examination 


The results of our limited amount of labora- 
tory work to date follow: 

It has been noted that the specimens exhibiting 
poor ductility (even the good ones at elevated 
temperatures) failed intergranularly, which is 
not unexpected for brittle failure. It is possible 
that the brittle failure is due to the formation 
of some intergranular compound. Additional 
work is under way with the electron microscope, 
X-ray diffraction and similar apparatus to de- 
termine the existence of such grain boundary 
constituents, 

The microstructure of the good Heat Y, after 
heating to 2400° F. and cooling and breaking at 
2300° F., contains considerable amounts of 
ferrite while the bad Heat X contains practically 
none. (This was checked by magnegage read- 
ings). This might be interpreted as meaning 
ferrite is necessary in the base metal to insure 
freedom from cracking during the welding of 
heavy sections. However, a comparison of the 
structure of materials A (S-9) and B (S-5), when 
tested after similar treatment, shows that neither 
of these contain any appreciable amount of 
ferrite. Since the difference between the be- 
havior of A (S-9) and B(S-5) is quite similar 
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to the difference between Heat Y and Heat X, 
it would seem that ferrite cannot be the cause 
of the difference in behavior during welding. 

These four materials have been analysed for 
differences in chemical constituents (Table I), 
and the cause of the ferrite in Heat Y is 
due primarily to the lower nickel content. There 
is practically no difference at all in the trace 
elements: Spectrographic results showed “Trace” 
to “Very Slight Trace” for B, Ca, Mg, Cu, Mo, 
V. Zn, Zr, Ba, Ce, and W. The following ele- 
ments were “Not Found”: Pb, Li, Sb, As, Be, Bi 
and La. 


Correlation With Service 


If correlation of service performance with the 
hot ductility tests on the same material is 
confirmed after more complete data are obtained, 
the next problem would be to procure material 
with hot ductility suitable for satisfactory weld- 


ability and service performance. Obviously, 
steel mills at this time would be reluctant to 
reject finished tubes because of low hot ductility. 
This means that this property must be deter- 
mined early in the production stage — preferably 
on specimens taken from the ingots or blooms. 

We do not know as yet if the hot ductility 
remains consistent throughout manufacturing, 
and to obtain data on this, we have secured 
several samples representing various stages of the 
manufacture of A.I.S.I. Type 316 piping intended 
for the main steam piping at No. 2 Unit, Linden 
Generating Station. If further data on this and 
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other types prove consistent, we 
expect to propose an appropriate 
revision to A.S.T.M. Specifica- 


Table If — Chemical Analysis of Two Good and Two Bad Heats 
of Type 347 


tion A-376 for high-temperature 
austenitic piping, such as: “The 
reduction of area of a specimen 
of the ingot from which the pip- 
ing will be made shall show a 
reduction of area of not less than 
. . per cent when broken at... 
degrees F. upon cooling from 


Carbon 
Nickel 
Chromium 


Silicon 


Nitrogen 


Columbium 


Manganese 


Heat X, Hear Y, HeatA (S-9), | Hear B (S-5), 
Bap Goop Goop Bap 
0.06% 0.06% 0.052% 0.06% 
12.33 9.79 12.82 12.84 

20.09 20.14 
0.78 0.82 0.82 0.83 
0.54 0.54 
1.64 1.64 
0.024 0.009 0.020 0.027 
0.007 0.007 
0.007 0.006 
0.018 <0.01 0.025 0.033 
0.14 0.14 0.053 0.037 
0.022 0.021 0.003 0.007 


. degrees F.” Phosphorus 
indi Sulphur 
The Rensselaer tests indicate a 
that the reduction in area may Titanium 
often be considerably lower when Antimony 
specimens are broken at 2300 
upon cooling from 2450° F. than 
upon cooling from 2400. The cause of this 


phenomenon is not clearly understood. Data 
so far obtained indicate that the susceptibility 
to cracking can be evaluated by ductility at 2300 
upon cooling from 2400° F.; values of 60% and 
over appear to indicate satisfactory service 
performance. 

We have found that the reduction of area in 
hot ductility tests of transverse specimens, taken 
from narrow test rings, was lower than in longi- 
tudinal specimens taken from longer sections. 
We believe that this could account for the vari- 
able performance indicated for item K-9 in 
Table I, the tests of which were made on trans- 
verse specimens, and in which the butt welds 
have given excellent performance while support 
lug attachments have invariably caused severe 
cracking of the heavy-wall piping. This leads 
us to conclude that the safest practice is to avoid 
welded support lugs unless sufficient flexibility 
is provided in the design to permit free expansion 
of all parts. 

There is no indication that a material display- 
ing good hot ductility during initial fabrication 
will depreciate in this respect while in service. 
See, for example, material A (S-9) of Table I, 
which had 72% reduction of area at 2300° F. after 
22.720 hr. of service at 1050° F. 


Further Studies 


We plan to obtain additional test materials 
from sections of piping with known crack sensi- 
tivity and poor service performance as soon as 
these materials are replaced in service. We hope 
that such information will support the limited 
data now available and that the hot ductility tests 
will aid in the selection of suitable materials for 
high-temperature service, 
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Other utilities and associated companies are 
encouraged to obtain material representing the 
various heats of main steam piping from which 
hot ductility tests can be made and compared 
with their actual service performance. 

Also under consideration are the effects of the 
following variables: 

Grain size, on which a limited amount of work 
has been done. 

Melting Practice —When sufficient amounts 
of a poor material become available, some of 
this will be remeited in vacuum to determine 
whether or not this will remove the cause of 
crack sensitivity. 

Forging Practice—If a heat shows poor 
ductility in the ingot, it is proposed that the 
effect of variable amounts of forging should be 
investigated to determine how much hot work is 
necessary to remove or reduce sensitivity to 
cracking after welding. 

Chemistry — We plan to study the effect not 
only of minor elements, such as nitrogen, but 
also the effect of the ratio between carbon and 
stabilizing elements. 

A large portion of this work will be sponsored 
by the International Nickel Co., working in close 
contact with the E.E.1.-A.S.T.M.-A.S.M.E. Task 
Force SP-5, which is currently investigating this 
subject. 

While the hot ductility test may separate the 
good from the bad, and while the use of 16-8-2 
welding rod may facilitate the welding of at 
least some of the crack sensitive material, the 
paramount question still remains: “Why are some 
heats of austenitic stainless steel sensitive to 
cracking while others of similar composition are 
insensitive to the same type of failure under 
identical conditions?” 
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Sheet Piling 


By W. A. MORGAN 
and R. C. A. THURSTON* 


Fig. 1 — Failure of Type I Which 
Occurs During Driving of the Pile 


Brittle Fracture 


Sheet piling is usually rolled of structural steel which can meet 


‘moderate requirements. While service records are good, several failures 
in Canadian waters indicate that its transition temperature, 
where fatigue cracks or corrosion pits lead to catastrophic brittle fracture, 


A GREAT DEAL of work has been reported 
in the technical literature on brittle fracture at 
low temperature, particularly in ship plate. At- 
tention has also been drawn to similar failures 
in bridges, tanks and other structures than ships. 
The topic has been covered in an excellent and 
comprehensive review article by M. E. Shank, 
issued serially in Metal Progress issues of Sep- 
tember and October 1954 and June 1955. 

In all the publications, however, no reference 
has been made to brittle fracture of steel sheet 
piling. In Canada numerous examples of such 
failures have been examined, and the service 
behavior correlated with laboratory tests. The 
present article is intended to summarize these 
investigations. 


Types of Failures 


The failures observed in the sheet piling ex- 
amined over a period of eight years can be 
divided into three main types: 

Type I—Driving failures, where fracture 
propagated from the flame-cut handling hole 
(Fig. 1). 


Type Il — Failures during service, where frac- 
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is well above the water temperature. (Q26s, T26; AY, CN) 


ture propagated from flame-cut tie-rod holes, 
drain holes or bolt holes (Fig. 2). This also in- 
cludes fractures initiated at defective welds and 
at arc strikes. 

Type III — Brittle fractures initiated by fa- 
tigue cracks (Fig. 3). 

The majority of failures encountered fell into 
the first two groups, Types I and II. After the 
rust had been removed, the samples usually 
showed characteristics of brittle fracture — that 
is, no reduction in thickness, little or no shear 
lip, and a marked herringbone pattern pointing 
back towards the origin. All fracture surfaces 
were at right angles to the surface. 

Type I failures were fairly extensive, usually 
several feet long, more or less parallel to the 
longitudinal axis of the piling, veering off toward 
one side of the web at the end. Type II failures 
were less extensive and showed no particular 


*Respectively physical metallurgist, and head of 
engineering physics section of the Canadian Depart- 
ment of Mines and Technical Surveys (Mines 
Branch), Ottawa, Ont. This article is published by 
permission of the Deputy Minister, Department of 
Mines and Technical Surveys, Canada. 
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Table I — Data on the Alloy Steels 


ness of the web. As noted in 


A a ox: D E the tables, 0.505-in. round spec- 
imens with 2-in. gage length 
Goin 0.40 0.33 0.28 0.37 | 0.29 were cut from the piles with 
Manganese , 0.90 0.75 | 0.80 0.80 | 0.86 thick enough webs. In _ the 
Silicon | 0.17 0.19 | 0.14 0.12 0.16 others. flat specimens were cut, 
Sulphur 0.045 0.031 0.028 0.023 0.027 1% i ide 1 either 8-i 
Phosphorus 0.037 | 0.010 | 0.022 | 0.011 | 0.018 Se ee a 
Chromium 080 | 055 | 050 | O51 | 0.49 4-in. gage length, the thickness 
Nickel a 0.064 | 0.03 | 0.02 _ being that of the web. 
Copper 0.06 | 0.44 0.09 | 0.42 0.42 The fractured surfaces of the 
Mn+C ratio— 2.3 2.3 29 22) | 30 tensile specimens all showed 
Web thickness, in. 1.0 0.875 0.875 | 0.875 0.375 ‘ : 
shear fractures with the 
| | ductile shear fractures Ww th the 
Yield* 70,800 | 68.400 | 40,200 | 70,000 | 66,000 exception of samples S and U, 
Ultimate 121,500 | 100,500 | 99,600 110,900 | 97,000 which had approximately 50% 
. Elongation in 2 in. 15.5 21.5 24.0 19.0 13.5¢ and 25% cleavage failure, re- 
ransition temperature | spectively. Adiace : 
At 15 ft-lb. energy 97 176 50 : these 
Sommames \ tela 127 | 140 68 areas were surface defects in 
At 50% shear ra ~ 145 | 99] 95 the piling which were probably 
Energy absorbed | the result of pitting corrosion. 
At 32° F. | 3 | 45 | 9 3 12 The brittle facets may there- 
At 75° F. = 6 fore have been produced by 
*0.2% offset tFracture near gage mark these pits acting as notches. 


tTransition temperature for average energy is the te 
ponding to the mid-way value between maximum and 
energy absorption. 


preference for any specific direction. Type III 
failures were essentially transverse to the direc- 
tion of rolling, and propagated completely across 
the section. 


Metallurgical Examination 


The samples examined included a variety of 
section shapes from different manufacturers, and 
varied in thickness at the web from about % to 
1 in. Most of the steels were plain medium 
carbon analyses, but five contained 
chromium and some of them cop- 
per additions. Both bessemer 
and openhearth steelmaking proc- 
esses are represented. Of the 
data obtained from the chemical, 
metallurgical and mechanical 
tests, only the more significant re- 
sults will be summarized in this 
article. 

Tables I to IV give the chemi- 
cal analyses of the 21 broken piles 
which we examined, together with 
the tensile properties and data on 
the transition temperatures as 
estimated by impact tests. 

Tensile Tests — Three types of 
tensile specimens were used, pri- 
marily depending on the thick- 
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mperature corres- To check this possibility, fur- 

mnmimum impact ther tensile tests were made on 

similar test pieces with sur- 

faces ground to remove the 

surface defects. The reproducibility of test re- 

sults on the ground specimens was very much 

better than on the as-receive:! samples, and no 

evidence of cleavage fracture was visible. The 
averages of results are: 

Pre Pire U 

Grounp RovcH Grounp 

Yield stress 57,450 51,500 57,450 51,550 

Ultimate 87,950 89,300 88,750 86.700 

Elong. in 8 in.,% 13.5 23.0 12.5 24.5 


Fig. 2— Failure of Type II, Propa- 
gating From a Flame-Cut Drain Hole 


3 
is 
87 


It seems, therefore, that the pits in the surface 
caused a sufficient local triaxial stress condition 
to produce partia!ly brittle failure at low elonga- 
tion in a standard tensile test at 75° F. 

Impact Tests — The thickness of the web of 
the piling determined whether standard 0.394- 
in. square or substandard Charpy V-notch 
samples were used. Since the prevailing direc- 
tion of the crack was longitudinal, all test pieces 
were cut with their length in the transverse 
direction, and notched at right angles to the 
original surface. The width of the substandard 
specimens was maintained at 0.325 in. and the 
V-notch was machined in this face; the area 
below the notch was about 82.5% of the standard. 
Notches were checked on an optical comparator. 

Tests in triplicate were carried out at tempera- 
tures ranging from —40° F. to +300° F. Speci- 


Fig. 3—Failure of Type 
III, Showing the Chevron 
Pattern of a Brittle Failure 
Initiated by a Fatigue Crack 


mixture of solid CO. and acetone or in a constant 
temperature oil bath). Figures 4 to 7 summarize 
the results, and from them are scaled the values 
of the transition temperatures given in the tables. 
The criteria selected are the ones most frequently 
adopted — 15 ft-lb. energy absorbed, average 
energy absorbed, and 50% shear in the fracture. 


Alloy Steel 


Samples A to E (Table 1) are low-chromium 
steels, some with copy | added. Impact values, 
as they vary with ter perature, are shown in 
Fig. 4. Steel E, which is from a driven pile hav- 
ing no cracks, has the highest Mn + C ratio of all 
the steels studied. Samples A to D cracked dur- 
ing driving, and failure can be attributed to low- 
temperature brittle fracture; cracks started at 
irregularly formed flame-cut handling holes at 
the top of the pile. Sample E showed no sign 
of failure even though the end of the pile 
had deformed considerably from blows 


of the driver. This may be attributed to 


$e: mens were chilled (or heated) for 30 min. in a 
Table Il — Data on Carbon Steels of Superior Quality 
G H 
Composition 
Carbon 0.32 0.33 0.30 
Manganese 0.75 0.78 0.72 
' Silicon 0.07 0.12 0.25 
Sulphur 0.033 0.026 0.019 
Phosphorus 0.032 0.020 0.014 
Chromium 0.04 0.04 0.05 
Nickel Tr Tr 
Copper 0.23 0.05 0.05 
i Mn +C ratio 2.3 2.3 2.4 
by Web thickness, in. 0.5 0.375 0.375 
Tensile tests 
Yield* 40,300 44,100 51,700 
Ultimate 66,000 70.600 78,750 
a. Elongation in 4 in. 32.0 30.7 27.2 
Transition temperature 
? At 15 ft-lb. energy + | — 9 +19 
2 Average energy 39 10 39 
es At 50% shear 45 16 52 
Energy absorbed 
At 32° F. 23 23 18 
At 75° F. 414 2 27 


. the following factors: 
0.33 1 — The handling hole was cut smooth- 
0.87 ly and round, and was considerably fur- 
0.11 ther from the end of the pile than in 
0.019 samples A, B, C, and D. 
= 2—The web was only % in., which 
resulted in finer grain size after rolling. 
0.008 3— The carbon content was lower than 
2.4 in A, B or D and the Mn + C ratio was 
aa higher. Sample C has the next highest 
57.300 Mn ~+ C ratio in this group and the crack 
76.550 initiated at the flame-cut handling hole 
28.8 did not propagate. 
+19 4—It is probable that the higher cop- 
39 per in Sample E than Sample C, otherwise 
57 similar in composition, is beneficial. 
5 — The 15 ft-lb. transition temperature 
18 of Sample E, which of course is affected 
= by factors No. 2, 3 and 4, is 50° F. lower 


* Drop of beam 
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Table III — High-Phosphorus Piling Which Failed in a Single Wharf 


Composition 
Carbon 
Manganese 
Silicon 
Sulphur 
Phosphorus 
Chromium 
Nickel 
Copper 
Mn-+C ratio 

Web thickness, in. 

Tensile tests* 
Yieldt 
Ultimate 
Elongation in 2 in. 


At 15 ft-lb. energy 

Average energy 

At 50% shear 
Energy absorbed 

At 32° F. 

At 75° F. 


Transition temperature 


J K L MiN | oO rie 


0.30 0.30 0.32 0.27 0.29 | 0.29 | 0.26 | 0.30 
0.70 0.55 0.64 0.60 0.60 0.65 0.53 0.55 
0.03 0.04 0.06 0.10 0.08 | 0.09 | N.d.t N.d.t 
0.030 0.030 0.038 0.035 0.035 0.032 | 0.025 0.028 
0.111 0.063 0.078 | 0.079 0.091 0.064 | 0.056 0.073 
0.02 0.02 0.02 0.03 «0.02 0.03 | 0.02 | 0.03 
0.04 0.05 0.05 0.05 0.04 0.05 0.05 | 0.05 
0.02 0.02 0.02 0.02 0.02 0.02 | 0.02 0.03 
2.3 1.8 2.0 2.2 2.1 2.3 2.0 1.8 

0.81 0.5 0.375 0.5 0.375 0.375 | 0.375 | 0.375 


49,700 47,500 50,400 
85,300 82,500 85,600 
29.0 22.0 22.0 


154 109 9] 87 82 90 90 109 
149 122 88 127 109 133 149 160 
194 140 108 131 118 126 153 172 
6 5 6 4 3 4 4 6 
7 1] 12 1] 12 15 12 8 


for its apparent toughness, 


Plain Carbon Steels 


*Subsize tensile tests 


40.2% offset tNone detected 


than for any of the other steels in this group. __ life of the piling, with indications that they were 
However, this is above its temperature when it initiated at flame-cut holes in the bottom of the 
was driven, and it is concluded that the smooth 
edge of the handling hole is primarily responsible 


*Values for our sub-size Charpy bars are plotted in 
the figures, and experience indicates that these values 
represent 82.5% of the breaking strength of a 
standard-sized Charpy bar. Therefore, in order to 
get the 15 ft-lb. transition temperature we measure 


Establishing a Datum — Table II and Fig. 5 the temperature at which the 12% ft-lb. line crosses 


the curve. Similarly the energy absorbed at 32 and 


present data on four pieces of plain carbon steel 750 


75° F. reported in the tables is increased propor- 


of superior quality, produced at our request by tionally from the values scaled from the graphs. 


as many steel companies. 

The results of tests on these steels are 
useful in indicating the relationship be- 
tween their composition, tensile proper- 
ties and impact values and those of other 
steels which failed, and this should pro- 
vide a yardstick in setting up a satisfac- 
tory specification. 

It will be apparent from comparison 
with data in other tables that these steels 
have low transition temperatures* and 
absorb a high amount of energy in im- 
pact tests at 32° F. Tramp elements, 
but especially phosphorus, in these steels 
are low. Phosphorus is 0.011 to 0.032% 
as compared with the next group in 
Table III (0.056 to 0.111)—a matter 
which we think is significant. 

High-Phosphorus Steels — No failures 
of carbon steel piling have been reported 
during driving operations. However, 
cracks have been discovered during the 
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Table IV — Piles Which Failed by Fatigue 


R U 

Composition 

Carbon 0.35 0.39 0.38 0.34 

Manganese 0.98 0.98 0.94 0.92 

Silicon 0.15 0.15 0.14 0.14 

Sulphur 0.028 0.025 0.028 0.023 

Phosphorus 0.030 0.035 | 0.039 | 0.027 

Copper 0.11 0.11 0.12 0.12 

Mn +C ratio 2.8 2.5 2.5 2.7 
Web thickness, in. 0.5 0.5 0.5 0.5 
Tensile testst 

Yieldt 53,000 | 57,450 | 53,750 | 57,450 

Ultimate 77,350 | 87,950 | 74,750 | 88,750 

Elongation in 8 in. 17.0 13.5 13.0 12.5 
Transition temperature 

At 15 ft-lb. energy 43 53 10 55 

Average energy 72 68 43 111 

At 50% shear 77 100 48 120 
Energy absorbed 

At 32° F. 10 6 21 8 

At 75° F. 35 24 63 24 


tFlat test pieces, pitted surface. t By drop of beam. 
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pile. The majority of the failures were of Type 
II (Fig. 2) and these were especially evident in 
samples J and Q (Table III) after they had been 
in service for some time. 

Following a heavy storm, cracks were noted 
in the wharf from which these samples were 
taken. Subsequent storms during the winter 
broke more of them until a total of approximately 
85 piles were damaged. Several of the cracks 
were initiated at arc strikes, but the majority 
started at weld undercuts in the tie-rod bearing 
plates or from irregularly flame-cut holes. One 
crack followed a heavy blow from a ship. 

Laboratory tests on the samples showed that 
every one of them, even in the thinner 0.375-in. 
webs, was notch-brittle. The lowest 15 ft-lb. 
transition temperature was 82° F., which is 
approximately 50° F. higher than the water in 
winter. The highest energy absorbed at 32° F. 
was 6 ft-lb., and the tensile strengths were in 
the range 82,500 to 85,600 psi. These results 
are unfavorable when compared with those from 
samples F to I in Table II, where the 15 ft-lb. 
transition temperatures were below 40° F. and 
the impact values at 32° F. well above 10 ft-lb. 
The tensile strengths of these tougher samples 
in Table II were also lower, being in the range 
of 66,000 to 78,750 psi. 

As noted before, the phosphorus content in 
these steels was high, well above the normal 
values given in A.L.S.I. steel specifications, and 
the Mn + C ratio on the low side (1.8 to 2.3). 
Representative Charpy versus temperature 


Fig. 4— Energy Absorbed (Sub-Sized Charpy Tests) 
Versus Temperature for Four of the Alloy Steels 


0 0 40 80 120 160 200 240 280 320 
Temperature, °F. 


S30 40 0 40 80 120 160 200 240 
Temperature, °F. 


Fig. 5 — Impact Versus Temperature 
for Four Plain Carbon, Low-Phos- 
phorus Steels of Superior Quality 


curves are given in Fig. 6. Samples J and K, 
which possessed high 15 ft-lb. transition temper- 
ature, have the lowest silicon contents and are 
rimming or semikilled bessemer steels. These 
bessemer steels, however, also possessed the 
highest phosphorus contents, and we believe that 
the phosphorus rather than the steelmaking 
method is the factor promoting notch brittleness. 

Type III failures (brittle failures starting at 
fatigue cracks) occurred in piles from which 
steels R to U in Table IV and Fig. 7 were taken. 
In this group of four, there were in 
fact two types of failures, one due 
entirely to fatigue and the other 
due to brittle failure initiated by a 
fatigue crack. The fracture sur- 
face of sample S is shown in Fig. 
3. The herringbone pattern typi- 
cal of notch-brittle failure extends 
about two thirds of the way across 
the web, the other third being a 
tatigue crack which seems to have 
started at a corrosion pit in the 
recessed parts of the interlock. 
Samples S and U had this type of 
failure, while samples R and T 
showed a complete fatigue fracture 
across the web, starting at a cor- 
rosion pit in the interlock. 

The structure from which these 
samples were removed was about 
15 years old, and much of the 
original earth back-fill had washed 
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away; thus, during the winter storms the 
piles were free to vibrate under wind and 
wave. It is interesting, also, to note that failure 
was not initiated at any defect due to bad work- 
manship; corrosion pits and lack of back-fill 
seem to have been the main causes, but the 
damage to the wharf would probably not have 
been as catastrophic if the steel had been of 
sufficient notch ductility at the service tempera- 
ture to prevent crack propagation. 

The 15 ft-lb. transition temperatures of R 
and T are lower than for S and U; furthermore 
the impact values at 32° F. are higher. Steels 
R and T also have tensile strengths in the range 
of 74,750 to 77,350 psi. compared with 87,950 
to 88,750 for S and U. 


30 
425 4 
> 20 

5 

0 

0 50 100 150 200 250 300 


Temperature, °F. 


Fig. 6 — Impact Versus Temperatures for Three 
Steels, High in Phosphorus, Representative of 
85 Broken Piles Removed From a Single Wharf 


General Discussion — The service behavior of 
the steels indicates that low-temperature brittle 
fracture occurred in almost all samples possess- 
ing a 15 ft-lb. transition temperature higher than 
the service temperature. The only exceptions 
were samples E and R, where the transitions 
are only about 20° and 13°, respectively, higher 
than an estimated service temperature of 30° F. 
In sample E, an alloy steel, the superior behavior 
may be due to the fact that the web is much 
thinner than in the other alloy steels examined. 

A marked feature of all the samples in any 
group is that the transition temperature increased 
with increasing tensile strength. Phosphorus, 
too, was very effective in increasing the notch 
brittleness (lowering the transition temperature). 

The design and construction of the assembly 
must be considered carefully, because all failures 
could be traced to the following defects: 


MARCH 1957 


1. Irregularly flame-cut holes, serving as a 
mechanical and metallurgical notch. This could 
be minimized by using a template for the cutting 
torch. 

2. Poor welding techniques, such as under- 
cutting, arc strikes, and absence of preheating or 
postheating. 

3. Corrosion pits. Some of these might have 
been caused by original surface defects in the 
piling. The only way to provide against such 
irregularities is to use steel of adequate notch 
ductility to prevent crack propagation from these 
pits when they grow to a critical size after 
several years of service. 

The above considerations lead to the sug- 
gestion that sheet piling specifications should 
call for lower carbon and higher manganese 
contents. (Alloy steel piling requires careful 
design and construction; the importance of stress 
concentrations cannot be over-emphasized). 

Generally the steel rolled into steel sheet 
piling has been of the lower grades of structural 
steel, and it has been contended that it is a need- 
less expense to specify a better quality steel in 
view of the past favorable service. While our 
investigations cover only a very small percentage 
of the total tonnage built into piling structures, 
no one knows how close to failure standing piling 
structures are. At the same time, the failure 
of piling initiated at corrosion pits indicates that 
years of service may elapse before these pits 
do become crack starters in steel of low notch 
sensitivity. However, when this happens in 
steels of the grades now commonly specified, 
they can cause catastrophic failure of the struc- 
ture at low temperatures. rs] 


Fig. 7 — Impact-Temperature Curves for Four 
15-Yr. Old Piles Which Failed in Fatigue 


0 
-25 0 25 50 75 100 125 150 175 200 225 
Temperature. °F. 
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[The Department of Defense issued the fol- 
lowing statement Nov. 16, 1956: ] 

‘Leaks in the steam superheating system of 
the ‘Seawolf’ propulsion plant have delayed the 
dockside testing of the ship. Technical studies 
have been under way to determine the exact 
source and extent of the difficulty. As a result 
corrective action is being expedited. 

“No difficulty has been experienced with the 
nuclear reactor itself, but only with its cooling 
system, and the safety of the plant has not been 
impaired. 

“The ‘Seawolf reactor is cooled by liquid 
sodium; it is the only plant of this type installed 
or planned for installation in a naval vessel. 
The ‘Nautilus’ type of plant, which uses pres- 
surized water as the coolant, is used in all other 
nuclear ships which are being built for the Navy. 
The two designs were undertaken simultaneously 
because the need to develop a nuclear-powered 
submarine was great and it was not known then 
which would be the more successful for sub- 
marine propulsion.” 

[This report caused much speculation unsup- 
ported by known facts, as all de ‘tails of military 
reactors are classified as “Secret”. Mr. Davis's 
talk is the first authoritative information that has 
become available: | 

The “Seawolf” reactor is cooled with molten 
sodium which comes out of the reactor at a 
high temperature and with a high level of 
induced radioactivity. The problem is to trans- 
fer this heat to water to produce steam to drive 
the propulsion turbines. 

Experience has indicated that violent [explo- 
sive?| reactions between sodium and water are 
producible under carefully controlled experi- 
mental conditions. Accidental mixing has pro- 
duced only moderate reactions. Nevertheless, 
it is undesirable to contemplate exchange of 
heat directly [in a simple tubular-type heat 
exchanger?] between radioactive sodium and 
water until considerably more experience has 
been gained. 

In a central station power plant «where space 
and weight are not of such importance as they 
are in a submarine, one can use an intermediate 
heat exchange loop with completely separate 
heat exchangers, wherein the radioactive sodium 
exchanges heat with nonradioactive sodium (or a 


*Portions of an address by W. Kenneth Davis, 
Director of Reactor Development, U.S. Atomic 
Energy Commission, before Southwide Chemical 
Conference, Dec. 7, 1956. Words in brackets [ ] 
are by The Editor. 


Troubles With Atomic Submarine “Seawolf” 


Na-K mixture having a much lower melting 
point), which in turn generates and superheats 
the steam in a second heat exchanger. This does 
not eliminate all possibility of a reaction between 
liquid metal and water but it does limit such 
reactions to nonradioactive substances. 

However, this is not feasible in a submarine, 
and the “Seawolf” uses a double tube heat 
exchanger wherein the radioactive sodium from 
the reactor is pumped through the inner tube, 
nonradioactive sodium-potassium (Na-K) is 
maintained (not flowing) in the annular space 
between the central tube and the outer tube, 
and steam is generated or superheated by con- 
tact with the outside of the double tube. The 
{double-walled or compound] tubes are bent 
into a “U” to provide freedom for linear expan- 
sion and welded into tube sheets. Pressures are 
maintained so that any flow from a leak would 
be from the water side to the nonradioactive 
Na-K, and from the nonradioactive Na-K into the 
radioactive sodium. 

Such heat exchangers are subject to stresses 
from fabrication, from the pressures and expan- 
sions caused by the operating temperature, and 
from transient temperature changes which may 
be large and rapid. Corrosion may occur in 
the sodium side if impurities, particularly 
oxygen, cannot be maintained at extremely low 
levels. The water side is subject to corrosion 
from water as well as from impurities, such as 
chloride ions, which are particularly difficult to 
keep out in a naval plant. Both sides are also 
subject to corrosion if there is any leakage and 
reaction between sodium and water. The choice 
of suitable materials and fabrication methods is 
obviously difficult. 

Steam generators and superheaters for the 
“Seawolf” were tested for extended periods of 
time and what appeared to be satisfactory de- 
signs were arrived at. However, the experience 
with the land-based prototype at West Milton, 
N. Y., and with the “Seawolf” has shown that 
leaks do develop, particularly in the super- 
heaters. The exact cause of this failure has not 
yet been determined, Both plants are now 
operating with the leaking superheate rs_ by- 
passed, and it is expected that the “Seawolf” will 
operate at approximately 80% of its designed 
power. 

Does this experience with the “Seawolf” mean 
that sodium-cooled reactors are unsuitable or 
unsafe for central station power plants? The 
answer is an emphatic “No!” 


(Continued on p. 116) 
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Electric Furnace 
Steel Conference 


Reported by E. C. WRIGHT* 


Economics of the electric steel industry loomed large in the discussion, 
what with the excessively high cost of steel scrap. Other raw materials 
for the non-integrated producer which were considered are sponge iron, 
hydrogen reduced iron, and desiliconized pig iron from cupolas. 


13th annual Electric Furnace Steel 
Conference was held by the American Institute 
of Mining, Metallurgical and Petroleum Engi- 
neers in Chicago in December last and was 
attended by over 1000 registered participants and 
Incidentally, the date 
marked the 50th anniversary of the installation 


many other guests. 
of the first electric arc furnace in America. This 
first furnace was designed by Paul Heroult, 
inventor of the arc melting furnace, manufac- 
tured by Société Electro-Metallurgique Fran- 
caise, and shipped to Syracuse for assembly at 
the toolsteel plant of Halcomb Steel Co. (now a 
unit of Crucible Steel Co. of America). Howard 
Stagg has written an engaging story of this 
event and its aftermath in Metal Progress for 
April 1956. 

The first day of the three-day meeting was 
devoted to visits to electric steel plants near 
Chicago. In the next two days six technical 
sessions were held comprising some 27 papers. 

The first session was general in nature. Robert 
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(D5, D9; ST, Fe RM) 


Bourigny, director of engineering of Stein & 
Roubaix of Paris, gave a thorough summary of 
the electric steel melting plants of Europe, 
exclusive of England. He emphasized the im- 
portant economic applications of the arc furnace, 
especially in Italy and the Scandinavian coun- 
tries which lack mineral fuels yet possess con- 
siderable water power resources. Since Europe 
will probably have to import more and more 
of its fuel at greater costs, Mr. Roubaix antici- 
pates that many more electric furnaces will be 
installed. European furnaces are usually much 
smaller in capacity (15 to 50 tons) than most 
recent American ones. Operating features are 
quite similar to American melting practices when 
melting cold scrap. A notable exception was 
cited from the Ruhr district in Germany which 
uses molten hot metal in the charge, and blows 
oxygen into the furnace to oxidize metalloids 


*Consulting Editor, Metal Progress, and Head of 
the Department of Metallurgical Engineering, Uni- 
versity of Alabama. 
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in the pig iron, thus increasing production per 
hour with less electric power per ton. 

In this same session Sam Arnold (American 
Bridge Div., U.S. Steel Corp.), one of the real 
veterans of the industry, gave a historical résumé 
of 50 years of electric furnace melting. (Much 
of this information has already appeared in 
Howard Stagg’s paper in Metal Progress.) In 
speculating about the probability that even 
larger are furnaces will be built than the 200-ton 
furnace at McLouth Steel Corp. in Detroit, he 
said it would probably be necessary to go to a 
six-electrode furnace, equipped with two trans- 
formers and two feeder circuits. He believes 
that electrode sizes and transformer engineering 
might be too difficult in a three-electrode furnace 
of greater capacity than 200 tons. He pointed 
out that one 100-ton, six-electrode furnace had 
already operated successfully for 25 years at 
Timken Steel & Tube in Canton, Ohio. 

Robert Bry, of the transformer division of 
General Electric Co., then presented an interest- 
ing study of the growth of the electric furnace 
industry, with especial references to the future 
requirements for transformers. He advanced the 
thesis that most new products undergo three 
distinct periods of growth: First is a develop- 
mental stage; there is a small output for a year 
or so. Second, a successful innovation then 
surges forward for about five years of very 
rapid growth. Following this is a third and 
slower “normal” growth lasting about 20 years. 
Electric furnace output shows a curve of growth 
conforming to type; it remained below 1% of 
the total steel tonnage until 1945, then increased 
rapidly to 3.75% in 1950, and has since grown 
yearly at a slower rate. His figures indicate that 
25% of all alloy ingots in the United States are 
now made in electric furnaces and he estimated 
that about 15% of all carbon steel might be made 
in electric furnaces by 1975. This would amount 
to 25 million tons of carbon steel ingots, and 
would require an annual increase of about 
1,000,000 tons of electric furnace capacity for 
the next 20 years. From these figures, and based 
on a figure of 5 tons of steel per kva. available, 
Mr. Bry estimated that at least 200,000 kva. of 
transformer equipment will be needed each 
year for carbon steel ingots, exclusive of expected 
increases annually in alloy steel ingots. 


Charge Materials 


A timely paper entitled “Cyclical Movement 
of Steel Scrap Prices” was presented by Chapin 
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Hoskins of the Institute of Trend Research, of 
Hopkinton, N.H. This study covered the years 
from 1900 to 1956 and showed great variations 
in prices in both long and short cycles. What 
caused these cycles was not brought out and no 
future trend based on these statistics could be 
safely predicted. 

The present reporter would comment on the 
fact that the cost of steel scrap is probably the 
most serious problem facing all cold-melt electric 
furnace plants today. Much discussion of this 
problem occurred in the corridors. With many 
integrated hot metal plants producing ingots 
for about $55.00 per net ton, how can a cold melt 
electric furnace plant produce steel from 95% 
cold scrap charge when the scrap alone costs 
$54.00 per net ton, and melting and operating 
costs amount to $20.00 per net ton even in a 
sizable plant of 300,000 tons annual output? 

This difficult scrap price situation has caused 
many electric furnace operators to look for sub- 
stitutes for steel scrap and four papers considered 
this subject. One by P. E. Cavanagh of the 
Ontario Research Foundation, Toronto, pre- 
sented the Canadian viewpoint. He discussed 
briefly the technical and economic aspects of 
using molten pig iron, high-grade iron ores 
(65% Fe), sponge iron (over 80% Fe), blown 
metal or desiliconized hot metal, and hydrogen 
reduced iron (H-iron). He is highly doubtful 
about the economies of using normal hot metal 
in large quantities in electric furnaces if the 
metalloids must be oxidized with iron ore, 
because of the large ore charge required, large 
slag volume and excessive foaming from gas 
generated by the 4% of carbon in the molten pig 
iron. Direct reduction of high-grade iron ore in 
the Tysland-Hole are furnace is not attractive 
because of very high power consumption, large 
slag volume, and low output. 

Sponge iron with over 85% iron does not seem 
to be an economical raw material in America, as 
it costs $45 to $55 per ton to produce. It also 
presents many operating difficulties, such as 
poor conductivity, high melting temperature, 
slow melting, considerable slag volume from the 
gangue in the sponge iron, and low bulk density. 
Storage of sponge iron in sealed containers to 
prevent oxidation is also a great nuisance. How- 
ever, the present availability of pelletized iron 
ore concentrates, and an increased quantity of 
high-grade imported ores (over 60% iron), keeps 
interest in sponge iron very much alive. 

At this same session John Stalhed, manager 
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of the sponge iron plant operated by Stora Kop- 
parberg at Falun, Sweden, gave an interesting 
review of the use of sponge iron in electric 
furnaces in his country. Under the special 
economie conditions existing there, sponge iron 
can be charged in electric furnaces in amount 
up to 70% of the total iron charged. Only the 
purest grades of iron ore are used for the manu- 
facture of sponge (at least 65% Fe). Either 
lump ore or 1-in. pellets are used in the Wiberg- 
Soderfors shaft furnaces* and the cost of the 
sponge iron, about $32 per metric ton, is much 
below the cost of imported scrap. About 100,000 
tons a year of this sponge iron is used in small 
electric furnaces of 10 to 15-ton capacity in 
Sweden for making very special toolsteels, ball 
bearing steels, spring steels and wire and other 
products of high quality. 

Mr. Stalhed gave the following analysis of the 
sponge iron: metallic iron 82%, total iron 91%, 
proportion of iron reduced 91%, carbon 0.9%, 
phosphorus 0.010%, sulphur 0.010% and non- 
metallic gangue 6.50%. This high-purity material 
is particularly desirable for special steels because 
it is free from tramp alloys. However, the hot 
sponge iron must be cooled in a reducing atmos- 
phere and then sealed in airtight containers of 
4 to 5 tons capacity until ready for charging. 

In making steel with 50% sponge, a mixture 
of scrap steel and pig iron is first charged and 
melted; a can of 3.6 tons of sponge iron is then 
charged and melted down; one hour later another 
3.6 tons of sponge iron is added. In this 13-ton 
furnace enough pig iron is used to get a final 
meltdown of about 0.70% carbon. Total heat 


*Described (with cost analysis) in Metal Progress 
May 1950, p. 633. 


time is 6% hr.; power consumption is 813 kw-hr. 
per metric ton, and melting rate is 2 metric tons 
of steel per hr. Since the phosphorus in the 
charge is very low the lime-silica ratio in the 
slag is only 1 to 1. 

H-Iron — In his paper presented earlier in this 
same session, Mr. Cavanagh also touched briefly 
on the use of H-iron in electric furnaces. This 
method of producing sponge iron by means of 
a “fluidizing” technique and a reducing roast at 
900° F. with hydrogen or coke oven gas at high 
pressure, has been technically successful, but 
the economics of the whole process are still 
quite vague.* The operation requires a very 
pure grade of iron ore and a cheap source of 
reducing gas. Cavanagh estimated H-iron at 
$45 to $55 per ton if natural gas costs less than 
50¢ per 1000 cu.ft. (One might also question 
whether the hydrogen content of this material 
would not be too high to be safely used in steel 
going into heavy sections such as large forgings, 
die blocks, and special toolsteels.) Those inter- 
ested in the economics of direct iron, reduced 
by hydrogen, should turn to the friendly debate 
between P. E. Cavanagh and Harry W. McQuaid 
as the question, “Is the Reduction of Iron Ore 
by Hydrogen a Commercial Possibility?” printed 
in Metal Progress for April 1951, p. 523. 

Hot Metal —S. L. Case, technical advisor at 
Battelle Memorial Institute, Columbus, Ohio, 
briefly discussed the use of normal hot metal 
(4% carbon, 1.2% Si) and desiliconized hot metal 

*Fluo-solids roasting may be described as a gas- 
solid reaction wherein the reacting gas is blown up 
through a bed of finely divided mineral at a regulated 
pressure which keeps the mineral suspended in the 
gas stream. Pressure, temperature and particle size 
must be adjusted for any given reaction. 


The Editor is authoritatively informed that 
American relief agencies are now unable to 
guarantee that packages can be delivered to 
individuals within Hungary, and even ship- 
ments to orphanages or hospitals cannot be 
made with any regularity. 

However, the refugees newly arrived in 
Austria have many pressing needs. More than 
half of them are children and young people 
under 21. They lack such important essentials 


Hungarian Relief 


as baby foods, dry clothing, blankets and 
personal necessities. 

In this emergency about all that individual 
Americans can do is to send cash to some 
agency which is actively operating along the 
Austrian-Hungarian border, such as the Amer- 
ican Friends Service Committee, 20 South 12th 
St., Philadelphia, Pa., or CARE, 550 First Ave., 
New York 16, endorsing their checks “For 
Hungarian Emergency Relief”. 


MARCH 1957 


95 


in electric furnace charges. He emphasized the 
difficulties resulting from the very heavy charges 
of ore (and the resultant high slag volume) 
needed to refine the melt of its impurities. In 
the opinion of the present reporter he might well 
have pointed out that the sensible heat gained 
in the molten hot metal is just about balanced 
by the heat required to reduce the iron ore, so 
there is no net thermal gain. He further 
neglected to mention that a very active boil, 
generating over 1000 cu.ft. of CO gas per ton 
(or 33,000 cu.ft. per hr.) results if 50% hot metal 
is charged in an electric furnace. It would be 
necessary to put a hood and stack over such a 
furnace; the dust control problem would be 
greatly aggravated. 

Based on such considerations as he advanced, 
Mr. Case stated that desiliconized hot metal 
will probably be a necessity in the near future in 
integrated steel plants. In this author's opinion it 
has at least seven advantages over ordinary hot 
metal for either openhearth or electric furnace. 
Unfortunately many important electric steel 
producers do not operate fully integrated plants 
and have no molten hot metal available. The 
non-integrated electric furnace plants are obvi- 
ously going to have to live with the price of steel 
scrap, or turn to new methods of making hot 
metal other than building a costly blast furnace 
and coke oven plant. 


Steel Castings 


The steel casting producers listened to a 
striking paper by C. F. Christopher, director of 
research for Continental Foundry & Machine 
Division, Blaw-Knox Co., East Chicago, Ind. It 
concerned the relationship of deoxidation of 
melts and steel solidification to hot tearing de- 
fects. Most of his data were derived from im- 
pact tests made on hot test pieces and broken 
in an argon atmosphere. A curve summarizing 
the results showed low values at 1100° F. (under 
20 ft-lb.) rising sharply to 180 ft-lb. at 1300° F. 
and then falling steadily to a very low figure 
between 2400 to 2600° F. The temperature for 
the minimum value depended on the type of 
steel tested. All the steels remained tough 
throughout the austenitic range until the solidus 
temperature was reached, and then all became 
very weak and brittle. 

Mr. Christopher pointed out that in steel 
castings, improper feeding of molten metal to a 
solidifying mass will allow hot tears to develop 
from the shrinkage strains existing in the section 
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when it reaches the solidus temperature. 
Samples heated and cooled in argon to tempera- 
tures between the solidus and liquidus showed 
grain boundary eutectics which greatly weak- 
ened the metal. High-carbon heats, silicon 
killed heats from acid furnaces, the presence of 
iron sulphide and iron oxide, all increased the 
amount of such grain boundary eutectics. Basic 
steel heats, killed with aluminum, showed hot 
tear temperatures about 100° F. higher than acid 
heats, other factors being the same. 

L. H. Nelson, director of conservation and 
yield control for Crucible Steel Co. of America, 
Pittsburgh, described an interesting study of 
shrinkage and density of hot topped, killed steel 
ingots of various shapes and corrugations. 
Shrinkages were calculated from the inside 
dimensions of the mold and the outside dimen- 
sions of the cold ingots, and all ingots were 
weighed to determine the density. He found: 

1. Shrinkage in the outer shell during solidifi- 
cation and cooling is about 9.1%. 

2. Total shrinkage, including pipe cavity, is 
about 11.1%. 

3. The density of liquid steel as poured is 
abuut 0.2511 Ib. per cu.in. 

4. There is unequal shrinkage across an ingot 
section and this varies considerably with the 
contour of the mold cavity. 

A great deal of work has been done in recent 
years at the U.S. Naval Research Laboratory in 
Anacosta, Md., and Wm. S. Pellini, superin- 
tendent of the metallurgy division, summarized 
about two dozen of the researches on solidifica- 
tion of various metals in ingot and sand molds. 
The relation of the mode of solidification and 
the shape of the phase areas in equilibrium 
diagrams is clearly brought out. Thus, a solid 
solution alloy like brass, with wide temperature 
range between the liquidus and solidus, freezes 
with a slightly progressive wall growth; then 
develops a mushy condition throughout the cast- 
ing volume; and finally solidifies completely with 
a tardy growth of a completely solid skin. Cast 
steel shows highly progressive wall growth — 
that is by narrow freezing regions and early 
growth of completely solid skin. The hypo- 
eutectic gray iron (and also nodular iron) goes 
through a two-stage solidification — the initial 
development of mushy solid solution and final 
solidification by highly progressive eutectic for- 
mation. These cast irons are unusual in that 
they expand during the liquid-to-solid transition 
rather than shrink, as do most metals. A] 
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Here’s crystal ball 


that accurately predicts metal performance at high temperatures: 


Inco’s in-plant test rack program 


Do you know that Inco sets up a test rack I 

containing a large selection of alloys in criti- | 

cal hot spots in many types of operations: — | 

one rack or more . .. whatever it takes to find | 

out which alloy stands up best under a host | 
of varying high temperature conditions. 

What’s more, Inco’s High Temperature Engineering | 

| 

| 

| 

| 

| 

L 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N. Y. 


Please send me the High Temperature Work 
Sheet so that I may outline my problem to you. 


Name Title 


Service tabulates the data . .. analyzes it in a report like 
the one above: complete .. . accurate . . . unbiased. 
Perhaps the answer to your high temperature problem 
has already been found .. . if not, we will be glad to ar- 
range for a rack test. All you have to do to get the crystal 
ball rolling is to fill out the coupon below. Do it now. 


Company 
Address 


City Zone State 


67 Wall Street 
New York 5, N. 
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Write for the NEW A leading West Coast manufacturer now uses Carmet CA-610 tool blanks 
CARMET CATALOG for machining components of jet engines and gas turbines. Since switching 
- to this special steel-cutting carbide grade, production has sharply increased 

from 28 parts per blank to more than 80. 
Carmet throw-away blanks are designed for any type of tool holder. This 
same manufacturer reports that the ease and speed with which used blanks 
may be exchanged for new ones has reduced downtime for too] change- 

over by 7%. 

Advantages such as these are important in your industry, too. Call your 
Carmet dealer TODAY for his advice on any production problems you 
| — may have... or write Allegheny Ludlum Steel Corporation, Carmet Division, 


Completely revised, the Detroit 20, Mich. 
16th Edition of the Carmet 


Catalog contains the latest 

information on all Carmet For ALL your CARBIDE needs call 

grades, and on Carmet blanks, —e ‘ ® 
tools, die sections, etc.; also 

ives details on special pre- 

andes and how to order 

special parts. 

Address Dept. MP-87 


Branch Offices or Distributors in Principal Cities — wew covoa 
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Bausch & Lomb Salutes: 
Francis M. Cain, Jr. 


Grand Prize Winner, A.S.M. Metallographic Exhibit 


GRAND PRIZE WINNER for 
the best photomicrograph in 
its class and in the exhibit— 
Mr. Francis M. Cain, Jr., Fel- 
low Engineer at the Bettis 
Plant which Westinghouse 
Electric Corporation operates 
for the Atomic Energy Com- 
mission in Pittsburgh, Pa. 


HIS PRIZE-WINNING 
PHOTOMICROGRAPH, 
MADE WITH 

BAUSCH & LOMB 
EQUIPMENT .. . “Hydride 
Platelets in Uranium, 12% 
Molybdenum Alloy.” 


Bausch & Lomb Metallographs 
help industry boost output and 
maintain quality by providing detailed 
magnified images—visual or photographic—for routine work and advanced research. 
The B&L Research Metallograph is one of a complete line of metallographic equipments. 
It provides ready choice of four different views of the same sample—by bright field, dark field, 
polarized light, or phase contrast—ensuring complete identification. 


Find out how these faster, easier, completely dependable analyses can help 
you save on time and materials. Write for Catalog E-240, and for complete 
expert advisory service. No obligation, of course. 
Bausch & Lomb Optical Co.,63815 St. Paul St., 
Rochester 2, New York. 


America’s only complete optical source... from glass to finished product. 
Visit Bausch & Lomb Booth 266, Western 


Metal Congress, Pan-Pacific Auditorium, Los 
Angeles, March 25-29. 
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Slack Quenching Steels 


By D. J. BLiCKWEDE and R. C. HESS* 


Quenching diagrams are presented for several common 


engineering alloy steels which enable the metallurgist to predict the course 
of transformation and the eventual microstructures and hardnesses 


A FREQUENT PROBLEM for metallurgists 
who deal with the specification and heat treat- 
ment of steel is to predict the way different steels 
will respond to quenching. The objective, of 
course, is to choose the right grade of steel and 
the right treatment for the job. Ideally, this 
boils down to a matter of choosing a steel which 
will transform to the desired structure through- 
out the quenched part. 

A fully martensitic quenched structure is gen- 
erally preferred because, after proper tempering, 
it has the best combination of toughness, ductility 
and strength. However, more often than not 
martensite cannot be obtained in the slowly 
cooled central sections of a part except by the 
use of expensive alloy steels. This economic 
limitation forces metallurgists to accept and learn 
to deal with slack quenched steels having non- 
martensitic or partially martensitic structures 
containing ferrite, pearlite and bainite. (“Slack 
quenching” may be defined as incomplete 
quenching. Slack quenching occurs in com- 
mercial practice if the rate of cooling is too slow, 
or the section too large in relation to the mass or 
hardenability of the steel to result in a completely 
martensitic microstructure. ) 

Obviously it would be helpful in the selection 
and specification of the mapv steels on the 
market to know in advance the relative amounts 
of these constituents which may be expected in 
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of various sized parts quenched either in oil or water. (J26n, N8p; ST) 


slack quenched parts. To serve this need, rela- 
tively simple charts have been devised from 
which one can make such predictions, as will 
now be described, together with examples of 
how they are used. 

It might be helpful, first, to review very briefly 
some of the general effects of structure on the 


properties of steel. Unfortunately, there is not 
too much accurate information on this subject, 
but experience permits some generalizations: 

It has already been mentioned that a fully 
martensitic structure is generally desired in 
as-quenched steel, since it has the optimum 
mechanical properties after tempering. In the 
charts to be described, the other as-quenched 
structural constituents are ferrite, pearlite, 
bainite and retained austenite. (No distinction 
has been made between coarse pearlite and fine 
pearlite, or high bainite and low bainite, but for 
the steels and cooling rates covered here, the 

*Dr. Blickwede heads the physical metallurgy 
division of the research dept. of Bethlehem Steel 
Co., Bethlehem, Pa., and Mr. Hess is research engi- 
neer in the same department. Further information 
on the general topic was presented by the same 
authors to the convention last October, in 
Preprint No. 17, “On the Cooling Transformations 
in Some 0.40% C Constructional Alloy Steels”, 
(digested in Metal Progress, Sept. 1956, p. 172). 
See also J. L. Lamont’s article, “How to Estimate 


Hardening Depth in Bars”, printed in Iron Age, 
Oct. 14, 1944, p. 64. 
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Fig. 1 — Heat Treatment Diagram for A.1.S.1. 4140 


°0¢z) 
| || 2) » “og 

IN 
| 

= aN 

° 


YUAN) JO “uy ‘PUNCY PeYyrUaNF) jo 
v 


apuaysny 


- + apsuapow 


| 
aysuapow 


apuasny 
+ 
+ ayuiog 
+ 


ua’) 


i 


_ 


ADmpiy Puo 


2 

= 

$ 

4 
3 

© 

c 

< 


( 


Fig. 2 — Heat Treatment Diagram for A.1.S.1. 86 B 40 
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Table I — Transformation of 4-In. Round, Oil Quenched Bar of 4140 Steel 


CENTER OF Bar Mipway Location 0.9-Rapius Location 
Time AFTER | Time AFTER Time AFTER 
START OF | STRUCTURE START OF | STRUCTURE START OF STRUCTURE 
Quencn | QUENCH | QUENCH 
40 sec | Austenite starts to 35 sec. Austenite starts to 15 sec. Austenite starts to 
| transform to ferrite transform to ferrite | transform to ferrite 
80 sec. 1% ferrite formed 70 sec. 1% ferrite formed 35 sec. | 1% ferrite formed; 
90 to 100 sec. | Pearlite starts to 85 sec. | 10% ferrite formed bainite starts to form 
form, concurrently 95 sec. | Bainitestarts to form 45 sec. Austenite 10% trans- 
| with ferrite 120 sec. | 40% of austenite has formed - 
120 sec. 25% ferrite + pearlite | transformed, approx- 60 sec. Austenite 25% trans- 
has formed; bainite | imately 30% to bain- formed 
starts ‘o form ite 90 sec. Martensite starts to 
170 sec. | 50% of austenite has 210 sec Austenite 90% trans- form 
| . 
transformed, about | formed, mostly to 7 min. | Quenching virtually 
half of it to bainite bainite 'complete. As- 
200 sec. 90% of austenite has 220 sec. | Remaining austenite quenched _ structure 
transformed, mostly | starts to transform consists of approxi- 
to bainite | ¢o martensite mately 40% bainite, 
15 min. Quenching virtually 10min. | Quenching virtually 1% ferrite : re 
complete. (Tempera- com plete. Aa. der martensite. Hard- 
| ture at this location quenched structure oe approximately 
below 250° F.) As- consists of 90% bain- J 
quenched structure | ite +ferrite, no pearl- 
consists of 90% bain- ite, 10% martensite. 
| ite + ferrite + pearl- | Hardness —approxi- 
| ite and 10% retained _ mately C-45 
| austenite. Hardness 
| approximately C-39 | 


pearlite is always fine lamellar and the bainite 
is generally formed in the lower range of temper- 
atures.) Of these constituents, tempered bainite 
is the one that most nearly approaches tempered 
martensite in tensile properties, while both ferrite 
and pearlite reduce strength and ductility. The 
effect of retained austenite is more complicated, 
depending on whether it transforms or whether 
it conditions* during tempering. If it transforms, 
it tends to lower the tensile properties; if it con- 
ditions, it raises strength but impairs ductility 
(unless the steel is double tempered, of course ). 

Notch ductility of steel is more sensitive to 
the structure than the tensile properties, and 
ferrite, pearlite and bainite after tempering all 
reduce notch ductility. Tempered bainite is 
considered to be least detrimental in this respect, 
but even as little as 10% of it in an otherwise 
tempered martensitic structure has been said to 
decrease the energy to fracture a notched bar. 
When austenite is retained in the structure of 
a quenched bar and it transforms or conditions 


*“Conditioning” is defined as a process occurring 
during tempering which causes retained austenite to 
transform to martensite during subsequent cooling. 
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during tempering, its damaging effect on the 
notch ductility of the part would be expected to 
be still worse. 

With these generalizations in mind, let us 
now turn our attention to the charts or quench- 
ing diagrams shown in Fig. 1 and 2 and the data 
sheet, p. 96-B. From these we can predict the 
amounts of the microconstituents that will occur 
in different size rounds in three commonly used 
alloy steels, quenched in different mediums. 
They may also be used to estimate the time 
after the start of the quench at which the various 
constituents start to form, and the hardness of 
the final structure. These quenching diagrams 
were derived from the experimentally deter- 
mined cooling transformation diagrams presented 
by us to the recent @ convention (Preprint No. 
17, 1956) and the data of Lamont relating the 
cooling in quenched rounds with the cooling 
along the length of end quench hardenability 
bars. It will be seen that predictions based on 
them correspond closely to actual observations. 

Probably the simplest way to explain these 
diagrams is by examples of heat treatment prob- 
lems involving the evaluation of structures. The 
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following examples are not necessarily typical; 
some are hypothetical in order to _ illustrate 
clearly certain transformation features. 


Case I — Structure Distribution in Large Bar 


A cylindrical part, 4 in. in diameter at its 
largest section, must be quenched so that it has 
a minimum hardness of C-50 at 0.25 in. below 
the surface (approximately 0.9-radius position 
in the bar). A.I.S.I. 4140 seems to have sufficient 
hardenability so an oil quench will meet this 
requirement. But what about the structure 
throughout the part? Is it reasonably uniform? 
Does it contain any constituents that may be 
detrimental to the properties? 

The quenching diagram for a typical heat of 
4140, the steel in question, is shown in Fig. 1. 
The curves on the left-hand portion of the 
diagram correlate the center, midway and 0.9- 
radius position in oil quenched (dotted lines) 
and water quenched bars (full lines) up to 7-in. 
diameter with the transformation characteristics 
shown on the right-hand portion. The latter 
shows the time after the start of the quench 
(the abscissa) at which the transformation 
products begin to appear, and their amounts 
existing throughout bars at any moment after 
quenching (the dash-dot lines). One diagram 
at the left suffices for all sizes of 4140 and all 
quenches, since the curves in the left-hand por- 
tion have been properly adjusted to the straight- 
line representing “Center (Oil Quenched)”. 

Now, if we wish to see what the transformation 
characteristics of the center of an oil quenched 
4-in. diameter round will be, a vertical line 
A-B-C-D-E is drawn on the left-hand section of 
the diagram at the 4-in. abscissa. At its inter- 
section E with the curve marked, “Center (Oil 
Quenched)”, a horizontal is drawn across the 
right-hand portion of the diagram. Reading 
horizontally to the first shaded zone (Point 1), 
it may be seen that the center of the 4-in. round 
will start to transform first to ferrite about 40 
sec. after the start of the quench, but reading 
further to the right to the first broken line 
( Point 2), after 80 sec. only 1% ferrite has formed. 
A few seconds later pearlite begins to form 
concurrently, and just before bainite starts to 
form (Point 3 at 120 sec.), the austenite is 25% 
transformed to a mixture of ferrite and pearlite. 
Further cooling forms more bainite until after 
200 sec. (Point 4) the steel is 90% transformed. 
Continued cooling causes no further transforma- 
tion so the as-quenched structure at this center 
position of the bar will contain about 10% re- 
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tained austenite. The hardness of this mixture 
of ferrite, pearlite, bainite and retained austenite 
is about C-39. 

Similarly, the progress of transformation at 
the midradius and 0.9-radius positions in the oil 
quenched 4-in, round may be followed by draw- 
ing horizontals across the right-hand section of 
the diagram from points D and B, the inter- 
section of the 4-in. abscissa with the appropriate 
curve. The information thus obtained is sum- 
marized in Table I. 

It is interesting to note in Fig. 1 and Table I 
that while both the center and midway positions 
of the 4-in. round are 90% transformed to a mix- 
ture of ferrite, pearlite and bainite, the center 
position is about 6 points softer than the midway 
position (C-39 versus C-45). Part of this may 
be due to the coarseness of the structure formed 
in the slowly cooled center. But it is also due 
to the large amount of retained austenite in the 
center position (10%) while the midway position 
contains 10% martensite. This tendency to retain 
austenite in slowly cooled sections is a peculiarity 
of this steel. As explained in our @ paper, it 
is due to the carbon enrichment of untransformed 
austenite which takes place during the formation 
of ferrite. 

It has been our experience that slowly cooled 
sections of 4140 steel will often become harder 
after tempering at 1100°F. This suggests that 
the retained austenite in these sections is con- 
ditioned by the tempering treatment and trans- 
forms to martensite when the part is cooling after 
tempering. 

It is also of interest that the hardness of the 
as-quenched structure at the 0.9-radius position 
is C-52 — surprisingly high, in view of the fact 
that it is almost 50% transformed. Evidently 
this is because almost all the transformation 
occurred at low temperatures to bainite. 

Reviewing the above information derived from 
the diagram, Fig. 1, for A.LS.I. 4140, it would 
seem that from the surface to midradius (and 
probably deeper ) of an oil quenched 4-in. round, 
the structure consists mainly of bainite and 
martensite. This might be expected to have 
moderate to good ductility and strength after 
tempering, and also moderate notch ductility. 
But it can hardly be said that the mixed structure 
at the center of the round, which contains re- 
tained austenite, would have good engineering 
properties. If the structure at this position is 
important to the service of the part, it might be 
preferable to water quench rather than oil 
quench. 
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Case II — Structure at Center 


It is desired to avoid retained austenite in the 
center of a quenched 4-in. round of A.1.S.I. 4140. 
Will water quenching do this? 

As before, the proper ordinate for using the 
right-hand portion of the diagram in Fig. 1 is 
obtained from the intersection of the 4-in. 
abscissa with the curve marked “Center (Water 
Quenched)” — namely, Point C. A line drawn 
horizontally from this intersection shows that 
transformation of austenite will progress as sum- 
marized below. 


Time AFTER 


START OF QUENCH STRUCTURE 
25 sec. Ferrite starts to form 
50 1% ferrite formed 
60 Bainite starts to form 
100 Austenite approximately 50% 
transformed, mostly to bainite 
150 Martensite starts to form 
600 Quenching virtually complete. 
(10 min.) As-quenched structure will 


consist of 65% bainite and 
ferrite, mostly the latter; 
remainder martensite. 
Hardness about C-47. 

From this it is evident that water quenching 
the 4-in. round will prevent retention of austenite 
in the center. 

Before proceeding with further examples, we 
may digress a moment to say something about 
the accuracy of the predictions. This was 
established by quenching various sized rounds 
machined from a 4-in. bar from the same heat 
of 4140 steel on which the diagram of Fig. 1 
was determined. The rounds were quenched 
either in agitated oil or water and tested for 
hardness and microstructure throughout their 
cross section. The test results are compared with 
the predictions from the diagram in Table II. 
It may be seen that the correspondence between 
predicted and actual hardness and microstruc- 
ture is reassuringly good. 


Case III — Desired Hardness at 0.9 Radius 


Suppose the design of the part mentioned in 
Case I and II is such that the parts crack during 
a water quench. On the other hand, oil quench- 
ing of 4140 retains austenite. Can A.LS.1. 5140, 
which has only slightly less hardenability than 
4140, attain the desired hardness (C-50) at the 
0.9-radius position? 

The quenching diagram for a typical heat of 
A.LS.1. 5140 is shown in the data sheet, p. 96-B. 
Again, a vertical line is drawn on the left-hand 
portion of the diagram from the 4-in. diameter 
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point to intersect the curve marked “0.9 Radius 
(Oil Quenched)”. Reading from left to right 
from this point, it will be found that austenite 
transformation at this position in the bar will 
follow the sequence shown below: 


Time AFTER 


START OF QUENCH STRUCTURE 


15 sec. Ferrite starts to form 
20 Pearlite starts to form 
25 1% ferrite + pearlite has formed 
40 Bainite starts to form 
60 50% bainite + ferrite + pearlite 
has formed 
100 75% bainite + ferrite + pearlite 
has formed; martensite starts 
to form 
7 min. Quenching complete at this 


position (but not in the cen- 
ter, of course, which takes 
about 800 sec. or 13.3 min., 
as shown at Point A). 
As-quenched structure at the 
0.9-radius position consists of 
75% of a mixture mostly of 
bainite but with some pearlite 
and ferrite, plus 25% martens- 
ite. Hardness C-37. 


It does not appear possible to use A.LS.I. 
5140 for this application because the hardness 
at the 0.9-radius position does not meet the 
specified minimum of C-50. 


Case IV — Choice of Economical Steel 


There are in stock bars of A.L.S.1. 4340, 9840 
and 86 B 40 from which the part discussed pre- 
viously could be made. Which of these grades 
may be oil quenched to meet the C-50 hardness 
specification at the 0.9-radius position? Which 
will give a reasonably uniform structure through- 
out a 4-in. round without using excessive alloy? 


A quenching diagram for 86B40 is shown 
in Fig. 2*. 


*Similar diagrams for 4028, 43 BV 14, 4340, 8620, 
8640, 9260, 9310, 9840 and 52100 will be presented 
as data sheets in subsequent issues of Metal Progress. 
From them the range of structures that may be 
expected between the 0.9-radius position and center 
in each steel can be read, and it will be found that 
the 4340 and 9840 grades would harden to C-57 
and so meet the hardness requirement, but the 
86 B 40 at C-48 would not. At the same time the 
4340 would give the most uniform microstructure 
throughout the part, being martensite with a little 
bainite. However, the lesser alloyed 9840 ought to 
serve quite well since it will only be about 15% 
transformed to bainite in the center of the 4-in. round 
and the hardness there would be about C-55. As 
shown in Fig. 2, the final structure in the fully oil 
quenched 86 B 40 part would contain all three of the 
microconstituents martensite, bainite and ferrite. 
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Table Il — Comparison of Observed with Predicted Properties 


DIAMETER | QUENCH 


Position 
MEASURED | Prepicrep 


Center | 
Midway | 
Center 
Midway 
0.9 radius 
Water | Center 
Oil | Center 
Oil | Midway 
Oil 0.9 radius | 
Water Center 
Oil | Center 
Oil Midway 
Oil 0.9 radius 
3.81 | Water Center 


HARDNESS 


MICROSTRUCTURE*® 


OBSERVED 


PREDICTED 


°, 80 to 85% B | 
40% B 
60 00 65% B 


*F =ferrite; B=bainite. 


Case V — Delayed Quench 


A part has a minimum cross section of 0.5-in. 
diameter. It is desired to make the part from 
86 B 40, and a water quench is necessary to get 
the specified hardness of C-50 throughout the 
larger sections. But in so doing quench crack- 
ing occurs. To avoid this it is desired to delay 
the quench — that is, cool in air for a while before 
quenching in water. How long? 

On the quenching diagram for 86 B 40 shown 
in Fig. 2, a line A-B is drawn vertically from the 
0.5-in. diameter position on the left-hand portion 
of the diagram to intersect the curve marked 
“Center and Midway (Air Cooled)”. (The cool- 
ing rates at the surface and center of bars up to 
about 34-in. diameter are almost the same.) 
Reading horizontally from this point of inter- 
section, Point B, it may be seen that austenite 
does not start to transform (to ferrite) for nearly 
1 min. after taking the part from the furnace; 
even after 80 sec. only 1% of the structure would 
be ferrite. Thus the part could be held in still 
air for 60 to 80 sec. before quenching in water, 
and this would help to eliminate quench 
cracking. 


Case VI— To Avoid Low Impact Properties 


Difficulty has been encountered in meeting 
impact test requirements on oil quenched and 
tempered bars in 1 to 5-in. sizes. Such low 
impact values are frequently associated with 
mixed structures containing pearlite. In oil 
quenching the five grades 4140, 5140, 86 B 40, 
4340 and 9840, what section sizes, if any, should 
be avoided with each grade in order to minimize 
poor impact test results? 
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No difficulties should be encountered with the 
4340 and 9840 steels, since their diagrams (to 
be published in the April and May issues of 
Metal Progress) are similar to the 86 B 40 grade 
(Fig. 2) and show that pearlite does not form 
during oil or water quenching. 

The use of 5140 steel (as shown in the data 
sheet, p. 96-B) would probably be inadvisable in 
sizes above 1 to 1.5 in., since pearlite forms at 
the center and midway locations in bars slightly 
above l-in. round and increases rapidly in 
amount as the section size increases. 

Figure 1 for the 4140 grade indicates that 
pearlite will not be formed at the center location 
in sizes smaller than approximately 334-in. 
diameter or at the midway location in sizes 
smaller than 41% in. 


Summary 


The above illustrates some of the uses of 
quenching diagrams and will probably suggest 
others to the reader. They appear to have 
particular application where certain microcon- 
stituents or combinations of constituents are 
known to be detrimental and are to be avoided, 
and in applications where uniformity of structure 
is particularly desirable. 

In using the diagrams, consideration must be 
given to the quench. The diagrams were derived 
for conditions involving moderate motion during 
quenching (resulting in a severity of quench 
of H = 2.0 for water quenching and H = 0.5 for 
oil quenching). Obviously, if there is no motion 
within the medium, or if the motion is very 
strong, the diagrams would need to be modified 
accordingly. 
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58.5 | 57 | 1%9F+B | 1% F,4%B 
57.5 57+ I~ F +B 1% F, 2% B 
56 53 1% F, 15% B 1% F, 35% B 
57.5 55 1% F, 10% B 1% F, 20% B 
57 57 1% F,5% B | 1% F,8% B 
| §7 | 1% F,2% B | 1% F,5%B 
46 46 | 12% F, 60% B | 10% F, 60% ‘ 
47 | 48 | 2% F,50% B 2% F, 50% 
50 | 54 2% F, 40% B 1% F, 25% 
50 53 1% F, 40% B 1% F, 35% / 
42 40 15% F, 75% B 15% F, 75% : 
47.5 45+ 5% F, 10% F, 75% 
5] | 52 1% F, 1% F, 40% 
46 | 48 | 5% F, 5% F, 65% 
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Applications 
of 


Furnace Atmospheres 


Prepared atmospheres are specified for bright annealing, 
bright hardening and for carburizing or carbo-nitriding 


By CLARENCE E. PECK* 


of all varieties of plain and alloy steels, and suggestions given 
(devised from experience) as to the atmospheres conventionally used, 


Oa CONTROL of the composition of 
the atmosphere within a heat treating furnace is 
universally recognized as an important part of 
the production of uniformly high quality in 
metallic parts. Aside from the many important 
uses in the nonferrous industry — which will be 
described in a later article—the major advan- 
tages in the heat treatment of steel include one 
or a combination of the following: control of 
carbon at the surface (restoration, maintenance, 
or addition), introduction of nitrogen to the 
surface, and prevention of oxidation, coloring or 
scaling. It requires no argument to establish 
that these advantages will avoid much expense, 
formerly thought unavoidable, in pickling, buff- 
ing and cleaning, not to say the grinding or 
machining away of unsuitable surface metal. 
Mr. Vaughan’s paper starting on p. 93 of last 
month’s Metal Progress described six basic 
atmospheres, while I will attempt to review their 
important applications. Three other paperst 


*Manager, Vacuum Equipment Projects Section, 
Industrial Heating Dept., Westinghouse Electric 
Corp., Meadville, Pa. 

tThis paper, as the others, should be considered 
as the product of the Industrial Heating Equipment 
Association. The present writer wishes particularly 
to acknowledge several sources of information in 
preparing this summary: The research and wasn 4 
ment reports of Westinghouse Electric Corp.; publi- 
cations and photographs from General Electric Co., 
Surface Combustion Corp., Lindberg Engineering 
Co., Electric Furnace Co., Holcroft and Co., and 
Leeds and Northrup Co. 


104 


their dew points and their carbon “potentials”. (J2k; CN, AY, TS, SS) 


read before the Industrial Heating Equipment 
Association’s session at the last National Metal 
Congress will consider at some length the 
methods and equipment for controlling these 
atmospheres accurately and safely. They will 
appear in Metal Progress in April. 

For ready reference, it is well to repeat the 
names of the basic types of atmospheres: 

No. 1—Completely burned fuel gas (ex- 
othermic ), 

No. 1A—Completely burned fuel gas with 
CO, and H.O removed (exothermic ). 

No. 2 — Partially burned fuel gas (exothermic). 

No. 2A — Partially burned fuel gas with CO, 
and H.O removed (exothermic). 

No. 3— Partially reacted or cracked fuel gas 
(endothermic ). 

No. 4—Completely reacted fuel gas (en- 
dothermic ). 

No. 5 — Dissociated ammonia. 

No. 6 — Partially burned dissociated ammonia. 

No. 6A — Completely burned dissociated am- 
monia. 

We will now discuss in some detail the impor- 
tant applications of such atmospheres to iron 
and steel. 


Bright Annealing of Low-Carbon Steel 


Strip, bar, wire and fabricated parts in wide 
variety may be bright annealed in partially 
burned fuel gas, with the exothermic generator 
set to give a high percentage of reducing com- 
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Fig. 1— Curves Drawn From Experience With 
the Annealing of Heavy Furnace Loads of Low- 
Carbon Steel, Showing Minimum Amounts of 
Hydrogen Necessary to Prevent Discoloration 
as They Vary With Dew Point, and the Maxi- 
mum Amounts of CO to Avoid Etching or Soot 
Deposition. Dotted curve 1 for CO, is drawn on 
the assumption that the gas components in the 
drier atmospheres will react with each other so 
as to increase the H,O content and the oxidiz- 
ing tendency in the 1100 to 700° F. range 


ponents (Atmosphere No. 2). Other atmospheres 
of a purified exothermic type or those derived 
from anhydrous ammonia are also suitable but 
rarely used because of the high operating cost 
and the more elaborate and expensive equipment 
required. 

The rich exothermic atmosphere commonly 
used changes in composition with the tempera- 
ture of the furnace. (Most of the water vapor is 
removed before the atmosphere enters the 
furnace.) In addition, this atmosphere has an 
oxidizing tendency at the lower temperatures, 
so care must be exercised while the steel is cool- 
ing. This is particularly necessary on heavy 
charges which cool slowly, as occurs in bell 
furnace annealing. Water vapor is the principal 
component which can be controlled in quantity 
when necessary to insure bright annealing. 

When the water available for cooling the 
gas as it leaves the generator is over 60° F., 
the actual dew point of the atmosphere will be 70 
to 75°F. In general, Atmosphere No. 2 of the 
rich exothermic type with dew points of over 
70° F. can discolor steel, due to the oxidizing 
action of water vapor as the steel slowly cools 
from 1100 to 700°F. The higher dew points 
can be tolerated in continuous furnaces with fast 
cooling cycles without apparent discoloration 
of the work, but this operation may be marginal 
and it is better practice to cool the gas further 
to a lower dew point. 
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In fact, this is absolutely necessary where 
cold water is not available the year round; under 
such circumstances the atmosphere is cooled 
to dew points of 40 to 45°F. by refrigeration. 
This is low enough to insure bright annealing 
even with appreciable variations in the reducing 
properties of the gas, despite the chance that 
the cooling water may be warm during the 
summer. The partially dried (refrigerated) gas 
also prevents condensation in the cooling cham- 
bers of the furnace — a serious problem when 
the dew point of the gas is higher than the local 
temperatures of the cooling jackets. 

Although CO, and water vapor do not need 
to be thoroughly removed for the bright anneal- 
ing of low-carbon steel, there are practical limits 
to the amount of water vapor which can exist 
in the furnace during slow cooling of large 
batches of steel if discoloration, bluing or heavier 
oxidation is to be avoided, and the permissible 
amount depends on the reducing power of the 
atmosphere as related to the proportions of 
hydrogen and carbon monoxide simultaneously 
present. Figure 1 shows an approximate relation 
between these factors, based on experience with 
large batches of low-carbon strip. 

Take an atmosphere with 40° dew point. If 
the hydrogen is less than 8% by volume, oxidation 
or some discoloration may be expected. Fur- 
thermore, for a given dew point (say 40° F.), if 
the CO content is greater than the value shown 
on the curve (5.5%), the steel surface may etch 
or some soot deposit during slow cooling. Con- 
versely, for a given value of CO as indicated on 
the curve, if the dew point of the gas is less than 
the value of dew point indicated, then some 
etching or soot deposition may be encountered. 

Usually etching or soot results from a gas too 
high in CO as compared to its dew point (or to 
too dry a gas when compared to its CO analysis). 
It should be emphasized that the practical limits 
shown on the curve apply principally to the 
relatively slow cooling of large batches of steel. 
When continuously annealing strip, wire, tubing 
or similar long, light items, wider latitudes are 
possible without evident oxidation or etching, 
since the time at the temperatures of reaction 
is relatively short; no visual action occurs even 
though the gas atmosphere is potentially capable 
of damage between 1100 and 800°F. Rich 
exothermic Atmosphere No. 2 is approximately 
in equilibrium with low-carbon steels at normal 
annealing temperatures and hence there is no 
measurable change of carbon. It should be 
remembered, however, that this atmosphere is 
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definitely decarburizing to medium-carbon and 
high-carbon steels and to various alloy steels. 
Bright annealing (no discoloration) of low- 
carbon steels in rich exothermic atmospheres 
produced from a fuel gas containing sulphur is 
possible as long as the sulphur content of the 
fuel gas itself does not exceed 20 to 30 grains 
per 100 cu.ft. This means scrubbing out most of 
the sulphur before the fuel gas enters the gener- 
ator. Manufactured gases or coke oven gases 
may contain up to several hundred grains of 
sulphur per 100 cu.ft. before they are cleaned up. 


Bright Annealing of Tin Plate 


Annealing of tin plate (cold rolled strip) in 
rich exothermic gas should be done in Atmos- 
phere No. 1A (purified lean exothermic gas) 
rather than in Atmosphere No. 2. A more uni- 
form surface will result and a smoother deposit 
in the electrolytic tinning line. 

A refinement now used is a further purification 
of the gas by eliminating the CO and producing 
a nitrogen gas with about 7% H, and only a trace 
of CO and CO,. The higher quality in the 
product justifies the more elaborate and expen- 
sive atmosphere conversion and purifying equip- 
ment in this application where large tonnages 
are annealed in both batch and continuous 
annealing furnaces. 


Annealing High-Carbon Steels 


Since high-carbon steels (plain and alloyed) 
must be annealed within a well-defined region 
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Fig. 2 — Rectangular Bell Annealing Furnace 
for Heat Treating Various Alloy or Carbon 
Steels Without Oxidation or Decarburization. 
(Courtesy of Westinghouse Electric Corp.) 


a little above the critical range and held many 
hours, the atmosphere must be practically 
“neutral” to prevent any loss of carbon from 
high-carbon steels or any gain of carbon in 
medium-carbon alloy steels. 

Atmosphere No. 1A, set for 3 to 4% CO and 
approximately the same amount of H», has been 
found quite suitable for long-cycle annealing of 
high-carbon steels without oxidation or decar- 
burization. Experience has indicated that it will 
overcome the inevitable oxygen infiltration 
which must be compensated for by some 
chemically active constituents in the atmosphere. 
In other words, it is not desirable to have the 
atmosphere too inert, but only relatively inert. 

From a practical standpoint, an atmosphere 
in true equilibrium — absolutely neutral — never 
exists in actual annealing furnaces containing 
large amounts of hot steel, or through the entire 
temperature range wherein such masses must 
be heated up and cooled down. 

Nevertheless, atmosphere is required for 
annealing high-carbon and alloy steel which 
does not change chemically nor react with the 
work through a wide temperature range. 

At first glance it world seem that 100% 
nitrogen would be satisfactory, but experience 
shows that under these circumstances, the steels 
both decarburize and oxidize. Experience also 
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shows that high CO alone is not good; intergas 
reactions form a soot. High hydrogen alone has 
an extreme tendency to decarburize when 
relatively small amounts of water vapor are 
present. Moderate amounts of CO and Hy, 
together give an excellent compromise and ex- 
perience has indicated that Atmosphere No. 1A 
with 3 to 4% CO and about the same amount of 
H, gives an inert gas which is still active enough 
to overcome any contamination by substances 
which otherwise would cause oxide to form on 
hot steel. The gas itself is low enough in CO, 
H, and H.O so intergas reactions are very small, 
and the gas reactions with the metal — if they are 
theoretically possible — proceed at such a very 
slow rate that their effects are negligible. 

An example of a “neutral” atmosphere is taken 
from the bright annealing of 1.25% carbon steel 
strip. After steel reaches an actual temperature 
of 1350° F., it is held there for 8 to 10 hr. before 
starting a slow cooling cycle. The microstruc- 
ture is completely spheroidized and, insofar as 
the effect of the atmosphere is concerned, there 
is no evidence of decarburization or inter- 
granular oxidation. A sample of the atmosphere 
drawn from the furnace analyzed about 4% CO 
and 6% Hy», with a dew point of about —30° F. 


Annealing of Toolsteel Bar Stock 


Carbon and alloy toolsteels usually require 
higher annealing temperatures than other carbon 
steel strip, rod and wire. Since the rates of 
possible reaction between atmosphere and steel 
surface are much faster at these higher temper- 
atures, it is of great importance to use an atmos- 
phere which is chemically stable within itself, 
and also which is about neutral toward the steel 
at the high temperature, so that there is no 
change in the carbon at the steel’s surface. 

To meet this requirement, experience has 
shown that Atmosphere No. 1A with a generator 
set to give around 4% CO and 5 to 6% hydrogen 
will be satisfactory. 

Hot rolled stock of either coiled rod or straight 
bar, cleaned of mill scale by pickling, and which 
has a decarburized skin anywhere from 0.005 to 
0.010 in. deep can be successfully annealed with- 
out any additional decarburization in Atmos- 
phere No. 1A. In other words, the effect is to 
anneal while maintaining the status quo, which is 
usually impossible without additional decarburi- 
zation when annealing in air or in products of 
combustion, or by packing the work in iron chips. 
Annealing without additional decarburization 
naturally presumes the proper furnace equip- 
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ment to maintain the required atmosphere. 

Atmosphere annealing of alloy or toolsteel 
rod and bar stock without first removing mill 
scale and without additional decarburization is 
now being done successfully on a commercial 
basis. A furnace with a rectangular bell, having 
an outer oil seal and no inner cover, heated with 
gas-fired radiant tubes located both in the bell 
and in the base, is shown in Fig. 2. Atmosphere 
No. 1A is again suitable, except that in some 
instances the CO content should be increased 
a little (to about 6%) with corresponding increase 
in hydrogen. This combination is reducing 
enough at temperatures well below the critical 
range of these steels so the products of reaction 
between atmosphere and mill scale can be 
purged out before the steel is heated up to its 
critical range. These reaction products are 
H.O and CO., both of which would be decar- 
burizing to the higher carbon steels at tempera- 
tures at and above the critical. With this atmos- 
phere and furnace equipment, one can also add 
small amounts of natural gas or propane and 
thus recarburize the surface layer to the original 
analysis. 


Silicon Steels 


This class of steel varies widely in silicon con- 
tent and in the annealing temperatures used. 
Also due to differences in time cycles, the atmos- 
phere requirements are not necessarily as rigid 
when handling the material continuously in strip 
form as in batches of coils or sheets. 

The steels with lower silicon content, which 
can be annealed at lower temperatures, usually 
require an atmosphere which merely prevents 
oxidation. Atmosphere No. 2 is suitable. At 
these lower temperatures the rates of any pos- 
sible reactions are probably very slow, and the 
possibility of carbon pickup, or oxidation of sili- 
con by water vapor is too small to make any 
serious difference in the magnetic properties. 

When working with the higher silicon electri- 
cal steels, the principal problems from an atmos- 
phere standpoint are the prevention of oxidation 
and carbon pickup. 

Reactions between atmosphere and carbon in 
the steel are on the opposite end of the scale 
when compared with the annealing of high-car- 
bon and alloy carbon steel. High-carbon steel 
requires that the atmosphere contain sufficient 
“carbon potential” to prevent transfer of carbon 
from metal to atmosphere. Electrical silicon 
steels require one which prevents any gain in 
carbon, and the carbon is very low to start with 
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—on the order of 0.005% or less. Thus, atmos- 
pheres which normally decarburize the higher 
carbon steels at elevated temperatures will car- 
burize the very low-carbon silicon steels, par- 
ticularly above 1600° F. 

Since the high-silicon steels are annealed at 
1800 to 2100° F., the possible reaction rates are 
relatively fast, and if the atmosphere has a slight 
carburizing tendency, enough carbon may be 
picked up to affect the desired magnetic proper- 
ties. For this reason, atmospheres containing 
CO or a trace of methane (or both) are unsuit- 
able. For such high temperatures, Atmosphere 
No. 2 would therefore be unsuitable. Although 
atmospheres containing CO may ordinarily be 
neutralized with water vapor, this expedient is 
not available since water vapor oxidizes the sili- 
con and also the iron itself at high temperatures. 
Therefore, the required atmosphere should be 
very dry and free of any carbonaceous gases such 
as CO or 

To meet these requirements, the following 
commercial atmospheres may be used: 

1. Pure dry high-hydrogen gases such as dis- 
sociated ammonia (Atmosphere No. 5). 

2. Pure dry hydrogen-nitrogen mixtures such 
as those obtained from burning and then drying 
dissociated ammonia. No. 6A, set for almost 
complete combustion, is one possibility. 

3. Practically pure dry nitrogen, such as that 
obtained from complete burning of fuel gas and 
subsequent removal of CO, and water vapor 
(Atmosphere No. 1A, set for practically complete 
combustion with negligible CO content). 

Possibilities No. 2 and 3 above are cheaper and 
more commercial for hot rolled high-silicon 
sheets, where the optimum results possible with 


high-hydrogen gases are not readily attained on 
stacks of wide flat sheets and where, from a prac- 
tical standpoint, it is difficult to remove or control 
water vapor locally inside the pack, arising from 
moisture trapped in the stacks. 


Stainless Steels 


The requirement for a true bright anneal on 
the high-chromium and the chromium-nickel 
stainless steels is an atmosphere which contains 
no oxygen, practically no H.O, no CO, no CO, 
and no sulphur. In other words, oxygen (either 
in free or combined form) cannot be tolerated, 
else discoloration will occur. 

Pure dry hydrogen or dissociated ammonia 
will bright anneal stainless steel, but only under 
operating conditions where all possible traces of 
oxygen or water vapor can be kept out of the 
atmosphere surrounding the work. From a prac- 
tical standpoint, this presumes a closed muffle, 
sealed and constructed in such a way that no 
leakage is possible. Experience has shown that 
if the muffles are not extremely tight, oxygen 
containing impurities can “back diffuse” through 
any crack in the muffle and cause discoloration — 
even though there is a reasonably good pressure 
inside the muffle. For this reason, it is desirable 
to use the hydrogen atmosphere both inside and 
outside of the muffle and thus obtain a “double 
muffle” effect. 

Due to these practical limitations, commercial 
bright annealing of stainless has been limited to 
strand annealing of wire, rod and very narrow 


Fig. 3 — Radiant Tube, Gas-Fired, Cast 
Link Belt Conveyer Furnace With Dual 
Quench for Hardening Miscellaneous 
Parts. (Courtesy Electric Furnace Co.) 


= | 
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Fig. 4—Batch Type, 
Gas-Fired, Vertical Ra- 
diant Tube Furnace Suit- 
able for a Wide Variety 
of Operations. (Courtesy 
Lindberg Engineering Co.) 


strip where the muffle itself is a tube of relatively 
small diameter, with comparatively thick walls. 

Where really bright annealing is not required 
(a thin film of very stable oxide can be tolerated ) 
or where it is desirable to limit oxidation below 
that which must be pickled off before further 
fabrication, the fuel gas atmospheres, particular- 
ly Atmosphere No. 1A, will do a satisfactory job. 

For scale-free (not bright) heat treatment of 
the chromium-iron stainless steels, the endo- 
thermic types of atmospheres such as No. 3 or 
No. 4 are suitable. Also Atmospheres No. 1A or 
2A are suitable. However, Atmosphere No. 2 
will result in excessive oxidation during the 
longer cycles at the higher temperature ranges 
of heat treatment (1800 to 2100° F.) and does 
not minimize oxidation as well as the endo- 
thermic types. 

There is little choice among the principal con- 
trolled atmospheres, commercially available, 
when it comes to scale-free (not bright) heat 
treatment of the Ni-Cr stainless or heat resisting 
steels, as far as surface oxidation is concerned. 
The type of oxide formed under these condi- 
tions seems very stable and the amount and 
characteristics of film do not seem to vary much 
when using a wide range of composition in the 
protective atmospheres. 

It has been found that the dry dissociated am- 
monia will embrittle extremely thin sections of 
some of the stainless steels. Surgical needles 
and other very thin sharp sections require a pure 
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dry hydrogen atmosphere rather than dissociated 
ammonia. Apparently enough nitrogen is ab- 
sorbed to lower the ductility of the metal, and 
the only remedy is to keep nitrogen out of the 
atmosphere. It is of interest to note that this is 
not noticeable on heavier sections, and also that 
the conventional fuel gas atmospheres (all of 
which contain nitrogen) do not embrittle stain- 
less — probably due to opposing reactions which 
form a stable oxide film. 


Bright Hardening 


If a part made from high-carbon or alloy car- 
bon steel can be heat treated without decarbur- 
ization, carburization or oxidation, such a close 
control of surface conditions avoids finish machin- 
ing or grinding and also eliminates the need for 
cleaning, sand blasting or descaling. To main- 
tain this balance where carbon is neither lost or 
added to the surface requires a furnace atmos- 
phere which is approximately in equilibrium 
with the carbon content of steel at the tempera- 
ture of heat treatment. Long experience by a 
considerable segment of the industry (as well as 
considerable development work) has shown that 
the most economical and suitable atmosphere for 
this requirement is reacted endothermic gas, such 
as Atmospheres No. 3 and 4 which are practically 
“balanced” or in equilibrium since there is very 
little interaction between the constituents over 
a wide range of temperature. 

Since the atmosphere itself is balanced, the 
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problem is narrowed down to one of adjusting 
it to be in approximate equilibrium with the car- 
bon content of the steel. This is done by adjust- 
ing the air-gas ratio entering the generator to 
produce an endothermic atmosphere with a 
specific dew point and limited amounts of CO, 
and residual methane. When in equilibrium 
with steels in the medium-carbon range, the dew 
point is well above freezing and the CO, is from 
0.5 to 2.0%. For atmospheres in equilibrium with 
high-carbon steels, the dew points are well below 
freezing and the CO, is usually less than 0.5%. 

Because the atmosphere is easily adjusted to 
give various carbon potentials, it can be applied 
to bright hardening over a wide range of tem- 
peratures, without excessive carburization or de- 
carburization of the heat treated product. 

In general, for the large group of steels hard- 
ened in the neighborhood of 1450 to 1550° F., 
the carbon potential does not need to be nearly 
as high as for the more special steels requiring 
much higher hardening temperatures. In these 
lower temperature ranges, a wider variation in 
dew point or carbon potential is permissible, be- 
cause the rates of reaction with carbon in the 
steel (particularly in the medium-carbon steels) 
are relatively slow and departures from true 
equilibrium are not serious. Another important 
factor is that the total time the steel is at its 
critical temperature is usually a fraction of an 
hour rather than hours. Thus, the combination 
of lower temperatures, shorter times and accom- 
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Fig. 5—Continuous Tray-Pusher Type Furnace 
Carburizes, Quenches, Washes and Dries Auto- 
matically in a Closed Circuit Requiring Only One 
Loading on the Tray. (Courtesy Holcroft & Co.) 


panying slower reaction rates allows a consider- 
able degree of latitude in the constituents of the 
atmosphere. 

Experience also has shown that when harden- 
ing in the lower temperature ranges, the amount 
of furnace impurities can be greater without 
danger to the product. If much oxygen enters 
through doors and other openings, the operator 
can use a gas of higher carbon potential. This is 
especially true in short cycle hardening, where 
the maintenance of an exact equilibrium is un- 
necessary. 

A Word of Caution — The reacted endothermic 
atmospheres, while balanced with themselves, 
are chemically active. In the higher tempera- 
ture ranges or for longer times, or both, marked 
changes in carburization (or decarburization) 
may result. Under these conditions the desired 
carbon equilibrium must be maintained within 
closer limits and the endothermic gas itself must 
be relatively dry. 

Table I shows a range of practical values of 
dew point of reacted endothermic atmospheres 
for approximate equilibrium with various carbon 
contents of steel. Note the broader range of dew 
point permissible at lower temperatures and in 
the medium-carbon range. At the higher tem- 
peratures, such as required for hardening of tool- 
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Table I — Dew Point Limits for Neutral Hardening in Endothermic Atmospheres 
(Also a Measure of Carbon Potential as a Carrier Gas) 


TEMPERATURE 
1450-1550 65-80 57-65 55-60 
1550-1650 50-60 45-53 40-45 
1650-1750 40-50 35-40 32-35 
1750-1850 32-38 28-33 26-29 
1850-1950 28-33 25-28 23-25 
1950-2050 25-28 22-25 20-23 
2050-2150 22-25 | 20-23 18-20 
2150-2250 18-20 | 16-19 15-17 


CARBON CONTENT OF Steet UNDER TREATMENT 


53-56 50-53 47-50 44-47 43-45 
36-40 32-36 28-32 25-28 23-25 
28-32 25-28 23-25 20-23 18-20 
23-25 20-23 18-20 16-18 15-16 
20-23 17-20 16-18 14-16 13-14 
17-20 15-17 14-15 13-14 12-13 
16-18 15-16 14-15 12-13 11-12 


15-16 


0.3-0.4% | 0.4-0.5% | 0.5-0.6% | 0.6-0.7% | 0.7-0.8% | 0.8-0.9% | 0.9-1.0% | 1.0-1.10°% 


14-15 13-14 11-12 10-11 


steels, lower dew points are necessary, and the 
permissible variation is much narrower. 

Where temperatures are in the higher ranges, 
as in heat treating certain toolsteels and high 
speed toolsteels, the high carbon potential avail- 
able with dry reacted endothermic gas is definite- 
ly required. However, even when this atmos- 
phere is produced in gas from the generator, the 
carbon potential actually existing in the furnace 
is usually considerably less, due to the action of 
impurities from the refractories (where metal 
muffles are not used ) and to infiltration of oxygen. 
To avoid difficulties a few percent of natural gas 
or propane should be added to the atmosphere 
to fortify it. If larger additions seem to be 
necessary to establish the correct carbon poten- 
tial, then equilibrium cannot be easily main- 
tained. Relatively small changes in temperature 
and time can cause excessive carburization and 
soot deposition. Neutral hardening conditions 
no longer exist. Such circumstances usually in- 
dicate an insufficient volume of atmosphere to 
the furnace or leakage of air resulting in ex- 
cessively high dew points. 

The high H, and CO content of endothermic 
atmospheres (usually 35 to 40% H, and 18 to 20% 
CO) permit one to use the dew point as a good 
measure of the carbon potential. A considerable 
range of dew point values is possible to define a 
considerable range of values of carbon equilib- 
rium. Carbon potentials in atmospheres such as 
No. 1A and 2A (purified high-nitrogen types), 
much lower in H, and CO, are much more sen- 
sitive to variable action as the dew point varies. 
They must be extremely dry to maintain a rea- 
sonably high carbon potential; for this same rea- 
son their carbon potential is reduced when 
moisture forms in the furnace for any reason. 
Therefore such atmospheres are not very suitable 
for neutral hardening or recarburizing, particu- 
larly of the higher carbon grades of steel. 
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Bright Hardening High-Alloy Steels 


If some discoloration or slight oxidation is per- 
missible, the reacted endothermic Atmosphere 
No. 4 will give satisfactory results (insofar as 
control of carbon content is concerned) when 
“bright hardening” the high-carbon, high chro- 
mium steels and the ferritic stainless steels. 

However, where really bright surfaces are re- 
quired, all oxygen bearing constituents must be 
completely eliminated, and the dew point of the 
atmosphere in the furnace must be very low. 
This can only be insured in furnaces with gas- 
tight metallic muffles containing dry dissociated 
ammonia or dry hydrogen. These steels can also 
be carburized, under the conditions mentioned 
above, after fortifying the atmosphere with a few 
percent of natural gas or propane. 


Gas Carburizing 


Gas carburizing is an operation which could 
easily form the topic of an entire conference. 
From the standpoint of application, the factor 
of outstanding importance for prepared atmos- 
pheres is the use of the most efficient carrier gas 
in large enough quantity to maintain adequate 
static pressure inside the furnace, and thus neu- 
tralize and minimize the effects of infiltration. 
We can thus start out with a certain “plateau” of 
carburizing potential in the furnace (such as 
equilibrium with medium carbon steels) and 
from this plateau the required carbon potentials 
for fast, clean, soot-free gas carburizing can be 
attained by adding relatively small amounts of 
hydrocarbons — usually natural gas or propane. 
If these conditions do not exist in the furnace, 
then the desired carburization requires consider- 
ably larger additions; conditions then are rela- 
tively unstable and an excessive amount of car- 
bon will deposit on all parts of the furnace as 
well as on the work itself. 
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Table Il — Atmospheres Suitable for the Heat Treatment of Steels 


MATERIAL AND PROCESS 


ATMOSPHERES WHICH WILL GIVE 
DesireED RESULT 


ATMOSPHERES COMMONLY U 


Low-carbon steels 
Tin plate 
Medium-carbon steels 
(no decarburization) 
High-carbon steels (no decarburization) 
Alloy steels, medium and 
High-carbon (no decarburization) 
High speed toolsteels, including molyb- 
denum types (no decarburization) 
Stainless steels and chromium-irons 
(bright) 
Stainless steels and chromium-irons (dis- 
colored, but no scale) 
Cr-Ni stainless steels (bright) 
Cr-Ni stainless steels, 
(discolored, but no scale) 
High-silicon steels 
(high-temperature anneal) 
Silicon steels (low-temperature anneal) 


Medium-carbon steels 
High-carbon steels 
Alloy steels, medium and high-carbon 
High speed toolsteels, 

including molybdenum types 
Tempering all ferrous metals 


All ferrous metals (carburizing) 

All ferrous metals 
(carbo-nitriding) 

Stainless steels 

Nitriding steels 


IGHT ANNEALING OF FERROUS METALS 


1A, 2, 2A, 5, 6, 6A | 2 
1A (with CO removed) 


1, 1A, 2, 2A, 3, 4 


1A, 2, 5, 6, 6A 
BricGut HARDENING AND TEMPERING 
1A, 2A, 4, 5, 6, 6A 
1A, 2A, 4, 5, 6, 6A 
1A, 2A, 4, 5, 6, 6A 


2A, 4, 5, 6, 6A 


CaRBuRIZING; CARBO-NITRIDING; NITRIDING 


2A, 4 (plus hydrocarbon addition) 
2A, 4 (plus ammonia plus 
hydrocarbon) 
4, 5 (plus hydrocarbon) 
Ammonia 


| 1A with CO removed 


1A, 6 


4,5 (fortified with hydrocarbon) 
A, 2 2 


4 plus hydrocarbon addition 
4 plus ammonia plus 
hydrocarbon 
5 plus hydrocarbon 
Ammonia 


The previous comments on the desired prop- 
erties of the reacted endothermic Atmosphere 
No. 4 for neutral hardening apply directly to the 
preparation of an efficient carrier gas for gas 
carburizing. Table I indicates the approximate 
carbon potentials and dew points for Atmos- 
phere No. 4. It has low CO, and H.O and high 
H, and CO (as compared to the purified nitrogen 
gases such as Atmosphere No. 1A and 2A) and 
is the most practical and efficient carrier gas 
available at the present time. 

These same basic requirements are equally 
as important in related carburizing processes, 
such as in carbon restoration and homogeneous 
carburizing. 

Carbo-Nitriding is basically gas carburizing 
with ammonia added to the atmosphere. The 
steel acquires a combination case of carbon and 
nitrogen. Case depths are usually shallower and 
temperatures 100 to 200° lower than for gas car- 
burizing. As mentioned above, the most im- 
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portant factor (from an atmosphere application 
standpoint) is to use an efficient carrier gas in 
sufficient quantity to maintain adequate static 
pressure in the furnace. When this is done, the 
amount of ammonia and hydrocarbon addition 
required for a given depth and quality of surface 
hardening is only a fraction of that required for 
less efficient conditions. 

Since carrier gas is usually a lot cheaper than 
ammonia or hydrocarbons, the importance of 
the proper carrier gas in sufficient volume is 
quite evident. Also the reproducible and uni- 
form quality of ammonia and hydrocarbon be- 
comes less of a worry with the attendant uncer- 
tainty as to the effect of variable compositions on 
reaction rates and chemical changes. 

Perhaps the best summary of what has gone 
before is Table II, a listing of the atmospheres 
which have been and can be used for the wide 
range of heat treatment of steels, and notations 
of those which are customarily used. ) 


METAL PROGRESS 


EEO 
pe 1A, 2A, 5, 6, 6A | 1A 
1A, 2A, 5, 6, 6A | 1A 
- | 1A, 2A, 5, 6, 6A | 1A, 2A 
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“i | 1A, 2A, 5, 6, 6A 1A 
5 5 
2A, 3, 4 3 
5 | 5 
| 1,2 
1A, 6 
3, 4 
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OF ANY METAL... 


turn to Turco...FIRST! 


ALUMINUM 


DESCALING: Complete line of deoxidizing and polishing products 
for all alloys of aluminum. 

COATING: Economical and “quick fixing” conversion coating for 
application by s ‘sprey, dip or hand methods. Approved to MIL-C-5541. 
Insures paint adhesion, stops aluminum corrosion. 


PROTECTION: Alkali-removable protective film for aluminum alloys 


both during storage (in plant and outdoor) and during fabricating 
practices. 


DESCALING: Complete line of alkaline and acid descaling media. 


COATING: Full line of iron, zinc and manganese phosphate com- 
pounds to provide a tight coating for better achesion of organic 
finishes and for oil absorption. These materials all meet the 
various requirements of applicable government specifications. 


PROTECTION: Versatile group of er for protection of parts 
from the elements. 


TITANIUM 


DESCALING: Approved and accepted process for conditioning and 
removing scale from all current titanium alloys, both after heat 
forming to 1150° F. and heat treating to 1750° F. 


COATING: Acceptable anti-galling and seizing conversion coating 
for the major alloys of titanium. Also as base for lubes. 
Requires no post-heat treatments. 


PROTECTION: Easily removable coating to protect titanium against 


tightly adhering scale up to 1600° F. during hot forming or heat 
treating. 


STAINLESS 
STEEL 


DESCALING: Process for completely removing heat scale from 
various alloys (including 17-7 PH). 


COATING: Easily removable coating to protect stainless steel 
against tightly adhering scale up to 1600° F. during hot forming or 
heat treating. 


MAGNESIUM 


' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
! 
' 
! 
! 


DESCALING: Non-electrolytic alkaline process for removing pre- 
vious chrome pickle films as well as oily substances often found 
on magnesium. 


COATING: One-package powdered product which, when in solution 
with water, replaces Dow #17 treatment. Requires no mixing of 
chemicals. Eliminates chance of human error. 


PROTECTION: Sin + phere touch-up liquid to produce coatings 
equal to Dow #18 treatment. 


(Note: All magnesium processes mentioned above are approved for 
use by Magnesium Department, Dow Chemical Co.) 


e descaling 
coating 
e protecting 
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If your requirements call for chemical 
processing of metal, chances are you'll 
find your best solution in the complete 
Turco line. Charted here are a few of 
the chemical processes Turco 
manufactures for the metal-working 
industry. There are many other types of 
Turco processes that perform effectively 


_ on any known metal. Why not use the 


coupon below to write for free 
literature on the metal you are 
processing? There is no cost... 
no obligation. 


TURCO PRODUCTS, INC. 
Chemical Processing Compounds 


6135 So. Central Ave., Los Angeles 1, California 
Factories: Newark, Chicago, Houston, Los Angeles, 
London, Rotterdam, Sydney, Mexico City, Nahe (Okinowe) 


Manufactured in Conode by B. W. Deane & Co., Montreo! 
Offices in all Principal Cities 


PLEASE AFFIX COUPON TO COMPANY LETTERHEAD 


TURCO PRODUCTS, INC. 
6135 So. Central Ave., Los Angeles |, Calif. 
Please send free | t on chemi e 
metals checked 

Titenium Steint 


For Cleaning 
or Metal 
Conditioning 
Problems — 
Turn to Turco 
. «First! 


Aluminum 
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ror Chemical processing 
Hot or Cold Immersion Spray Washing Steam Cleaning 
Flaw Location Paint Removing 
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Investment X Process 


MANCHESTER, ENGLAND 

In Professor Grant’s article on 
“Recent Developments in the Art 
of Precision Casting” in Metal Prog- 
ress for September 1956, he states, 
when describing the Investment X 
Process (p. 116), that a pattern is 
made of successive layers of refrac- 
tory on a disposable pattern of wax, 
and that “the wax is removed by 
solution in trichlorethylene at room 
temperature”. 

This is incorrect. The wax, in 
fact, is removed by suspending the 
shell-coated assembly of patterns in 
hot trichlorethylene vapor. An or- 
dinary industrial degreasing plant 
is used for this purpose, operated at 
110°C, (230° F.). The hot vapor 
dissolves the wax at a rate greater 
than that at which it expands, and 
so eliminates mold cracking. It was 
found that this method of dewaxing 
would not work with a block type 
of mold (as opposed to a shell) 
since the mold would crack during 
the process. Soaking the mold in 
trichlorethylene at room tempera- 
ture, as suggested by Prof. Grant, 
proved far too slow. 

The dissolved wax drips down 
into the bottom of the dewaxing 
bath in solution with trichlorethy- 
lene. Periodically the wax is re- 
covered by bubbling air through the 
solution, which liberates the tri- 
chlorethylene. The frequency of re- 
covery is dependent on the percent- 
age of wax present; if this is 
allowed to become too great (in ex- 
cess of approximately 80%) then the 
molds will crack during dewaxing. 
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Ideally, dewaxing and wax recovery 
should be a continuous and simul- 
taneous operation, so that the pro- 
portion of wax in solution is kept at 
a low level. Wax thus recovered is 
suitable for reuse for patterns. 
Introduction of the Investment X 
Process resulted in a big improve- 
ment in the quality of our castings 
and a reduction in the scrap per- 
centage. This was partly due to 
elimination of mold cracks, which 
previously resulted either in com- 
plete breakdown of molds during 
casting, or the presence of refrac- 
tory inclusions in the metal. 
R. G. NicHoLas 
Manufacturing Engineer, 
Process & Rate Dept. 
Metropolitan-Vickers 
Electrical Co., Ltd. 


Steel Going to the Dogs 


Lonpon, ENGLAND 

What may prove to be a new type 
of eutectic called “scottite” has been 
found in high speed steel. This con- 
stituent is a complex tungsten-iron- 
chromium-vanadium carbide ob- 
served in an unetched specimen 
from the header and discard in what 
is believed to be the first cast of high 
speed steel made in Britain by low- 
frequency induction melting. The 
steel was made under the direction 
of William Kelsey of Inca Steel Co., 
Sheffield, who suggested that an ex- 
amination of specimens from various 
areas of his ingots might be of metal- 
lurgical value. 

The specimen reproduced here 
was photographed under high-pres- 


sure mercury arc, incident lighting, 
at 1000 X (reduced to 600 X in 
reproduction) by R. W. Shapton, 
metallurgist of Rotax Ltd., Aircraft 
Electrical Engineers, London, using 
a Reichert MeF projection micro- 
scope. Preparation was by diamond 
polishing and I do assure you the 
specimen was not “doctored”. 

Critics should be advised that the 
hind legs are not out of focus — the 
apparition was in point of fact en- 
gaged in covering up its tracks when 
first observed! 

T. Bishop, Editor 

Metal Treatment and Drop Forging 


Minor Man-Power 
Crisis Avoided 


New York 

Perhaps much of the worry about 
young people and their allergy to 
engineering and science comes from 
adults rather than the high school- 
ers. Certainly the @ Science Award 
program indicates that a sizable frac- 
tion of our high schoolers, and those 
of top grade also, can build every- 
thing from a workable weather sta- 
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MADE BY THE PROCESS 
Elevated Temperature Drawing 
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High Strength 
a new material—made by 


Uniformity 

Fatigue Resistance 
Wear Resistance 
Dimensional Stability 


a new process —with 


a new combination of properties 


Plus Accuracy, Smooth Finish, and Straightness 


Use this coupon to request your copy T. M.—Trade-marks of La Salle Steel Company 


Please send me your new 24-page brochure,” A New Material” 
La Salle STEEL CO. 


1424 150th Street 
Hammond, Indiana 
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Here’s the story of steel hars 
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Man-Power Crisis . . . 


tion to aircraft flight instruments. 

It appears to me that American 
industry can do a service to these 
youngsters — to say nothing of itself 
— by putting these bright youngsters 
into the right kind of summertime 
jobs. For example, our Solid Me- 
chanics Laboratory last summer 
hired Stephen Miller, a 15-year old 
junior of Teaneck High School as a 


student assistant. Here was a 
chance to solve an engineering man- 
power problem; relatively minor, to 
be sure. 

Stephen, who got straight A’s in 
his math and science, had been 
thinking of a summer job as a waiter 
in a nearby restaurant. At the end 
of the summer, his supervisor re- 
ported he was “of substantial assist- 
ance” in preparing specimens, assist- 
ing in wave propagation experiments 
and static stress tests, and in reduc- 


Cincinnati Sub- ZEROing in 


tor, spindle 
Bearing raceways of 
new LeBignd 32 inch 


To assure maximum accuracy for every turning 
operation, The R. K. LeBlond Machine Tool Com- 
pany utilizes a Cincinnati Sub-Zero Industrial 
Chilling Machine in shrink fit assembly of spindle 


bearing raceways. 


This internationally known lathe manufacturer 
mounts the spindles of its heavy duty lathes in 
precision tapered roller bearings which run in 
close tolerance steel raceways. Shrink fit assembly 
assures that raceways will fit tightly in headstock, 
perfectly aligned for true spindle operation. In 
addition to raceways, many other vital com- 
ponents are chilled with Cincinnati Sub-Zero 


equipment at R. K. LeBlond, in 

stabilization as well as assembly 

operations. 

A new catalog on the com- 
lete line of Cincinnati Sub- 
ero a for in- 

dustrial and laboratory 

use is now available. 

Write for your free 

copy or outline your 

special low temperature 

requirements. 


| Su Products 


GENERAL OFFICES and PLANT ® 3930R-7 Re 


ading Rd Cincinnati 


ing data from oscilloscope photo- 
graphic records. He took on many 
routine tasks in the laboratory and 
its photographic darkroom. He 
learned to use a desk calculator and 
assisted in computational work. 

Stephen, at the beginning of the 
summer, had no particular ideas as 
to his future. We now suspect that 
his summer job has put a career in 
engineering or science at the top 
of his list. 

K. Worx 
Director of Research Division 
New York University 


Atomic Submarine .. . 


(Starts on p. 92) 


It is important to emphasize that 
the superheater leaks do not affect 
the safe operation of the reactor it- 
self. The possibility of a radioactive 
sodium leak had been taken into 
consideration by the designers and 
adequate containment was provided. 
Moreover, all central station plants 
now under consideration which uti- 
lize liquid sodium coolants include 
the further precaution — impossible 
in a submarine — of a separate inter- 
mediate heat exchanger. 

Reliable components for central 
stations are easier to provide. The 
plants are less subject to rapid load 
changes and resulting transient 
stresses. Space permits ready ac- 
cess for examination and repair. 
Intermediate exchangers should re- 
duce water-side corrosion from ra- 
diation-induced decomposition prod- 
ucts of water. 

Experience with the “Seawolf” 
emphasizes that there is still a great 
deal we do not know about metal- 
lurgy, corrosion, and the construc- 
tion of heat exchangers. More speci- 
fically, this experience has focused 
our attention on the differences be- 
tween the requirements of naval 
and civilian heat exchangers in so- 
dium systems. 

Sodium technology for central 
station nuclear power plants still 
appears to be one of the most im- 
portant possibilities. The Atomic 
Energy Commission has authorized 
the development of the sodium- 
cooled system because of its distinct 
advantages over others, and the 
promise it holds for economic nu- 
clear power. We are confident that 
we shall develop the technology to 
achieve this objective. 
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Quality 


FERROSILICONS 
HIGH-CARBON FERROCHROMES 
LOW-CARBON FERROCHROMES 

LOW-CARBON FERROCHROME SILICONS 
SILICOMANGANESE 
OTHER SPECIALTY ALLOYS 


High quality ferroalloys are produced in the electric 
furnaces at Beverly and Jackson, Ohio, plants. Close 
metallurgical control results in uniform high quality day 
after day, month after month. 


The plants are ideally situated for distribution of these 
products by rail, water, or truck. 


A highly competent staff of metallurgical engineers is 
available for consultation. We welcome your inquiry. 


PICKANDS MATHER & CO. 7) wae 


Cleveland 14, Ohio 


CHICAGO «+ CINCINNATI 
DETROIT + DULUTH 
ERIE + GREENSBORO 
ST. LOUIS + WASHINGTON 
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Eric R. Jette 


Enic R. Jetre @ will be the di- 
rector of the new Union Carbide Re- 
search Institute, to be erected near 
Tarrytown, N.Y. (Completion date 
is set as spring 1958.) The major 
work of this new institute, under the 
administration of A. B. Kinze, 
vice-president of research of Union 
Carbide and Carbon Corp., will be 
in the field of fundamental scientific 
research, complementing and extend- 
ing the research being carried out by 
Union Carbide’s other laboratories. 

Until World War II, Dr. Jette was 
a professor of metallurgy at Colum- 
bia University, and before that pro- 
fessor of chemistry at New York Uni- 
versity. Then in 1942 he was named 
associate director of the Chemical 
Warfare Service Laboratories at Co- 
lumbia, and two years later joined 
the staff of scientists at the Los Ala- 
mos Laboratory working on the Man- 
hattan Project. Here he was a group 
leader directing work on determining 
the properties of the new metal plu- 
tonium, the most important and 
dangerous task assigned to the metal- 
lurgists at Los Alamos. 

After the war, Dr. Jette stayed on 
at Los Alamos and continued to 
direct more intensive research on 
this metal and its alloys. In addi- 
tion, as division leader of the chem- 
istry and metallurgy division from 
1945 to 1956, he was in charge of 
the general metallurgical work. 
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Richard D. Chapman 


Ricnarp D. CHapMan @, now 
managing engineer of the metallurgi- 
cal research department for the engi- 
neering division, Chrysler Corp., De- 
troit, has devoted his professional 
career to date to this Chrysler divi- 
sion. In 1937, with a degree in 
chemical engineering from Michigan 
State College, he enrolled in the 
Chrysler Institute of Engineering, re- 
ceiving his master’s degree two years 
later. Beginning in the engineering 
division’s metallurgical laboratory, 
he worked his way into X-ray diffrac- 
tion studies and metallograpic work. 
During the war he served as metal- 
lurgical liaison between the Chrysler 
Tank Arsenal and the Detroit Ord- 
nance District, and in 1945 became a 
project engineer in the metallurgical 
research department; in 1950 he re- 
ceived another promotion to super- 
visor of metallurgical research. 

Mr. Chapman is active in several 
technical societies, is a past chairman 
of the Detroit Chapter of A.S.M., 
and has held offices in the American 
Institute of Mining, Metallurgical, 
and Petroleum Engineers. He now is 
chairman of the @ Transactions 
Committee. In addition, he finds 
time to mix his metallurgical activi- 
ties with music and magic. He is the 
founder of the Hammond Organ So- 
ciety of Birmingham, Mich., and has 
the further distinction of being a 
semi-professional magician. 


John L. Lamont @ was recently 
named assistant manager of ad- 
ministration of the Metals Research 
Laboratories, Electro Metallurgical 
Co., a division of Union Carbide and 
Carbon Corp., Niagara Falls, N.Y. 
Mr. Lamont, who joined Union Car- 
bide in 1929, has been a research 
metallurgist, senior research assistant, 
and section leader in the metals re- 
search group with the company. He 
also heads the administrative serv- 
ice department, in addition to his 
new duties. Mr. Lamont is currently 


treasurer of the Buffalo Chapter ©. 


Harvey D. Neale @, a member of 
the staff of the Philadelphia sales 
district, Heppenstall Co., Pittsburgh, 
received the annual Ring Sales 
Award from the company for out- 
standing sales accomplishment. 


J. Roy Gordon @ has been elected 
executive vice-president of the In- 
ternational Nickel Co. of Canada, 
Ltd., and the International Nickel 
Co., Inc., the company’s United 
States subsidiary. Affiliated with Inco 
since 1936, Mr. Gordon was a vice- 
president of both companies before 
his promotion, in addition to serv- 
ing as general manager of Canadian 
operations and a director of both the 
parent company and its United 
States subsidiary. (A more detailed 
report of Mr. Gordon’s career was 
published in the September 1953 
issue of Metal Progress. ) 


Roy O. Schiebel @ was recently 
elected second vice-president, sales 
and marketing, of the Magnaflux 
Corp., Chicago. For the past two 
years, Mr. Schiebel has been sales 
manager of the company, and prior 
to that was eastern district and ex- 
port manager in the New York Office. 


Donald H. Turner @, a specialist 
in the melting of refractory metals, 
has returned to Armour Research 
Foundation of Illinois Institute of 
Technology as a supervisor of melt- 
ing and heat treating services. Mr. 
Turner was a project engineer, head- 
ing consumable electrode arc melt- 
ing services, with the Foundation un- 
til 1954 when he joined Titanium 
Metals Corp. of America, Hender- 
son, Nev., as a research engineer. 
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VV your metallurgical prob- 
lem, Cannon-Muskegon is equipped 
and staffed to solve it. Our metallurgists 
can make the right vacuum-melted 
alloy to fit your need. We can develop and 
test it in the ultimate in modern research 
and testing laboratories ... then produce 
it to specifications in our modern plant. 
What’s more, Cannon-Muskegon recom- 
mends proper handling methods for best 
results in your application. 

In addition, Cannon-Muskegon offers a 
wide range of ferrous-, nickel- and cobalt- 
base alloys for your specific needs. These 
super-clean alloys are poured at pressures 
from 1 to 10 microns — available in sample 
or production quantities...in cast bil- 
lets or ingots. Vacuum-melted alloys offer 
cleaner, smoother surfaces .. . greater ten- 
sile strength, ductility and wear life... 
higher electrical and magnetic properties. 
For complete vacuum-melting service, see 
Cannon-Muskegon. 


Now available are: 
@ Materials for remelt — 


under conventional air melting, inert gas, 


@ Casting development — 


includes research and experimental facilities 
for investment, shell mold, dry sand, and 
permanent mold castings. 


@ Ingots or cast billets — 


for rolling, forging or extruding in individual 


weights up to 250 pounds. 


“Bae 


FOR INDUSTRY 


For full particulars 
write for our New Bul- 


Unrra Met 


r facilities are open... 


to your 
inquiries 
about 
Cannon- 
Muskegon 


VACUUM- 
MELTED 


UltraMet alloys 
and service 


MODERN RESEARCH facilities and 
experts are at your service. stant re- 
search with known alloys a our 
abilities...to your advantage. ¢ are 
now testing alloys containing boron, 
aluminum and titanium ... with interest- 
ing results. Send us your problems. 


CANNON-MUSKEGON 


CORPORATION 
—e 2879 Lincoln Street Muskegon, Michigan 


METALLURGICAL SPECIALISTS 
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Persenals . . . 


Robert F. Spillett @ has been 
named to the newly created position 
of New England toolsteel super- 
visor for Crucible Steel Co. of 
America, Pittsburgh, with head- 
quarters in Boston. Mr. Spillett 
joined Crucible in 1937 and until 
recently was a toolsteel service engi- 
neer with the company’s toolsteel 
engineering and development group 
at the Sanderson-Halcomb Works, 
Syracuse, N. Y. 


Floyd F. Rechlin @ has accepted 
a position as project engineer with 
Solar Aircraft Co., San Diego, Calif. 
Mr. Rechlin was previously associ- 
ated with the Alloy Engineering and 
Casting Co., Champaign, IIl., as field 
project engineer. 


Pierre Coheur @, director of the 
Centre National de Recherches 
Metallurgiques, Liége, Belgium, has 
been appointed instructor of general 
metallurgy, steelmaking and metal- 
lography on the science faculty of 
the University of Liége. 


Robert J. Sutton ©, in addition 
to his duties as secretary-treasurer, 
has assumed the responsibilities of 
director of purchasing for Atkins Saw 
Div., Borg-Wamer Corp., Indian- 
apolis, Ind. 


Donald C, Hilty @, manager of 
the research information group, 
Metals Research Laboratories, Elec- 
tro Metallurgical Co., a division of 
Union Carbide and Carbon Corp., 
Niagara Falls, N. Y., has been ap- 
pointed vice-chairman in charge of 
regional meetings of the Institute 
of Metals Div., American Institute 
of Mining, Metallurgical, and Petro- 
leum Engineers. Last spring Mr. 
Hilty was general chairman of the 
Reactive Metals Conference held in 
Buffalo under the sponsorship of the 
A.LM.E. 


Harris M. Sullivan @ has been 
chosen as manager of the newly 
established General Electric Ad- 
vanced Semiconductor Laboratory 
in Syracuse, N. Y. The new labora- 
tory will take over and expand the 
activities in semiconductor research 
previously performed by the com- 
pany’s electronics laboratory. Dr. 
Sullivan had been manager of the 
electronics laboratory since joining 
General Electric in 1955. 
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HOW TO CONTROL ATMOSPHERES... 


BAILEY 
COMBUSTIBLES 
ANALYZER 


compensates for variations in gas quality 


Whether you are making your heat treating atmos- 
pheres out of natural gas or a by-product fuel, 
variations in gas quality are bound to occur. When 
this happens, it is impossible to maintain a satisfac- 
tory gas-air ratio without exact knowledge of how 
the atmosphere has changed. The Bailey Combus- 
tibles Analyzer provides the logical solution to the 
problem. In most applications it is sensitive to less 
than +0.2% change in combustibles. It also assures 
uniform atmospheres and a uniform product. 


In a commonly used Bailey control system, the 
Analyzer constantly samples the atmosphere gas. 
When per cent combustibles varies, a pneumatic 
signal from the recorder automatically controls the 
fuel rate to adjust the gas-air ratio and maintain the 


BAILEY METER COMPANY 


IRON AND STEEL DIV., 1050 IVANHOE ROAD, CLEVELAND 10, OHIO 
In Canada — Bailey Meter Company Limited, Montreal 


treatment of steel in a new, completely inte- 
grated eastern steel! mill. A Bailey Combus- 
tibles Analyzer monitors and controls input 
fuel gas and controls performance. Other in- 
struments on Bailey Panel are Bailey Fuel/Air 
Ratio Recorder and Selector Station, 


required amount of combustibles in the atmosphere. 


A Bailey Oxygen Analyzer may be combined in the 
same case with the Combustibles Analyzer. Indicat- 
ing and recording the per cent oxygen in heat treating 
atmospheres determines air leakage into the con- 
trolled atmosphere furnace. It may also be used as a 
further safety guide to indicate when a furnace has 
been purged effectively to permit the use of a haz- 
ardous blanketing gas. 


Let a Bailey Engineer plan an analyzing and control 
system for you that will continuously safeguard the 
quality of your atmospheres and of your final 
product. Or, write to the Iron and Steel Division for 
Product Specification E65-3 with complete details 
on the Bailey Combustibles Analyzer. $9-1 
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CORROSION-RESISTANCE, 
PAINT BASE on 
ALUMINUM and MAGNESIUM 


EASE OF USE—Iridite is a simple chromate conversion 
treatment. Fast, easy, economical. You just dip, brush 
or spray it on the part at room temperature. No spe- 
cial equipment. No specially trained personnel. 
OUTSTANDING PERFORMANCE—Forms a film that is an 
integral part of the metal itself. Can’t flake, chip or 
peel. Takes paint firmly on initial application, and the 
bond lasts. Even protects areas scratched in use. 
LOWEST COST—You have only minimum equipment 
cost, no special racks, high speed operation, lower 
overall handling costs. 

CHOICE OF APPEARANCE—Clear coatings that retain 
metallic lustre to dark, maximum protection coatings. 
A variety of colors is available by dyeing. 

IRIDITE + 14 and # 14-2 (Al-Coat) for ALUMINUM 

Two specially formulated finishes that give you maxi- 
mum latitude in aluminum treatment. Both provide 
excellent corrosion protection and paint base. Iridite 
#14-2 is an improved product that allows greater 
flexibility in operation and coating thickness and pro- 
duces the optimum in corrosion protection. 
Either coating provides corrosion resistance superior 
even to complicated electrolytic treatments in a frac- 
tion of the time. These coatings also offer many other 
valuable characteristics: they have low electrical re- 
sistance, they aid in arc-welding, provide a good base 
for bonding compounds, have no effect on the dimen- 
sional stability of close-tolerance parts. Final appear- 
ances ranging from clear through yellow iridescence to 
full brown can be obtained. By dyeing, you can pro- 
duce red, green, blue, orange or yellow finishes. 


IRIDITE + 15 for MAGNESIUM 


Produces a protective, paint base film with corrosion 
resistance at least equal to that obtained from long, 
high-temperature dichromate treatments in a fraction 
of the time and at room temperature. The appearance 
of the coating can be varied from light brown to dark 
brown and black. 


APPROVED UNDER GOVERNMENT AND 
INDUSTRIAL SPECIFICATIONS 


SEE FOR YOURSELF WHAT IRIDITE CAN DO... SEND SAMPLE 
PARTS FOR FREE PROCESSING. Look at the results, test the pro- 
tection, evaluate the savings. Also write for handy Reference 
File of the most complete data published on chromate conversion 
coatings. Or, for immediate information, call your Allied Field 
Engineer. He's listed under “Plating Supplies” in your classified 
phore book. 


Prooucrs 


INCORPORATED. 


West Coast Licensee—L. H. Butcher Co. 


Personals . . . 


Conrad F. Nagel, Jr., @, vice- 
president of the Aluminum Co. of 
America, Pittsburgh, has retired after 
more than 41 years’ service with Al- 
coa. A biographical appreciation of 
Mr. Nagel was published in the 
March 1956 issue of Metal Progress. 


Reinhold Schempp @ and S. A. 
Fronek @ have been appointed man- 
agers of two of Crucible Steel Co. of 
America’s larger plants. Mr. Schempp 
has been named manager of the 
Sanderson-Halcomb works, Syracuse, 
N. Y., while Mr. Fronek was chosen 
to head the Park Works, Pittsburgh. 
Affiliated with Crucible since 1927, 
Mr. Schempp had been assistant 
works manager of the Sanderson- 
Halcomb works since 1945 when 
the Sanderson and Halcomb plants 
were merged. Mr. Fronek, who has 
been with the Park Works since 1925, 
was assistant manager of the works 
for 12 years. 


M. L. Greenlee @ A. A. 
Hatch @ and J. H. Luhan @ have 
been added to the technical depart- 
ment of the metallurgical research 
division staff, Titanium Metals Corp. 
of America, Henderson, Nev. Mr. 
Greenlee is a 1956 graduate of the 
Colorado School of Mines with a 
bachelor’s degree in metallurgical 
engineering. Before joining Titanium 
Metals, Mr. Hatch was a research 
metallurgist working on land gear 
applications at Menasco Mfg. Co., 
Burbank, Calif., and prior to that 
was associated with the Clevite Re- 
search Center, Cleveland. Mr. Lu- 
han worked for the past two years 
as a research assistant at Case In- 
stitute of Technology, while study- 
ing for his master’s degree. 


Max C. Farmer @ has returned 
to the Beryllium Corp., Reading, 
Pa., to serve in the newly created 
position of technical director. Mr. 
Farmer was formerly general super- 
intendent of the corporation, leav- 
ing in 1945 to work as director of 
the engineering division of the Allied 
Commission in Rome, Italy. In 
1947, he was appointed assistant 
chief of the engineering division of 
Aluminum Co. of America, and more 
recently was staff metallurgist on 
the Materials Advi isory Board of the 
National Academy of Sciences, 
Washington, D.C. 
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Wilson “Tukon” Personals . . . 


5 Eugene A. March @ has been 
Micro Hardness Testers named assistant manager of the 
Crucible Steel Co. of America’s 
Sanderson-Halcomb Works, Syra- 
cuse, N. Y., to succeed Reinhold 
Schempp. Associated with Crucible 
since 1946, he last held the post of 
chief metallurgist. Robert K. Dunn 
@. staff metallurgist, will assume the 
post of chief metallurgist vacated by 
Mr. March. 


Arthur Herbener @ has become 
ca B a member of the sales staff of the 

“fos testi Electro Metallurgical Co., division 
fi ; — of Union Carbide and Carbon Corp., 
Niagara Falls, N. Y. Mr. Herbener 

ine Pp arts... is as a sales representative 

r to the Pittsburgh district office. Be- 
‘METALLIC an ef e. fore coming to Electromet, he was 

= employed by Vanadium Corp. of 

America, Bethlehem Steel Co., Gen- 


eral Electric Co. and Aluminum Co. 
of America. 


S. C. Lawson @ is now midwest 
Model LR representative for the Wellman 

Bronze & Aluminum Co., Cleveland. 
With headquarters in Milwaukee, 

Wisc., Mr. Lawson’s territory will 
cover the Chicago, Wisconsin and 
Minnesota areas. A manufacturers’ 


WILSON ““‘TUKON”’ Micro Hardness 
Testers meet every fine test require- 
ment. These precision instruments are 


invaluable in the proper testing of fine WF representative since 1955, Mr. Law- 
precision parts, fine wire, thin metal, son was formerly general sales man- 
shallow superficially hardened sur- G ager of Ampco Metal Inc., Mil- 
faces, jewels, plastics, glass, etc. waukee. 

WILSON “‘TUKON”’ testers operate with 
both Knoop and 136 degree Diamond ie ° 


. promoted to general manager of 
Pyramid Indenters. gg sales for Crucible Steel Co. of Ameri- 
Consult WILSON Engineers on ca, Pittsburgh. Coming to Crucible 


in 1940 as a sales trainee at the St. 
your hardness testing problem H Floor model for Micro Louis Branch, Mr. Stamm acted as 
ardness Testing only. 


Experienced wILson Engineers will be _( Electrically operated a toolsteel service engineer at the 
glad to help you select the proper Syracuse, N.Y., plant, assistant man- 
model for your particular requirement. : ager and manager at the Cleveland 
This choice depends on the type and A | sales branch, and assistant to the 
, ted , vice-president of sales. Until his pro- 
thickness of work to be tested, — eS motion, he was assistant general 
of loads “0 — hardness testing manager in Pittsburgh. 
equipment available. 


Write for Booklet DH-328 on WILSON“ TUKON” Augustus B. Kinzel @, vice-presi- 

Micro Hardness Testers. Ask for DH-325 on dent in charge of research for Union 
WILSON “ROCK WELL” Hardness Testers. Table model for Micro Carbide & Carbon Corp., has been 
WILSON "ROCKWELL"... on elected president of the American 
Also available in floor Institute of Mining, Metallurgical, 

the world’s standard of hardness accuracy model ) and Petroleum Engineers, for one 

be year beginning February 1958. Dr. 
co Wilson Mechanical Instrument Division Kinzel has been actively engaged in 
research work with Union Carbide 

AMERICAN CHAIN & CABLE ‘ and Carbon since 1926, when he 
joined the Electro Metallurgical 

Division as a research metallurgist. 


230-F Park Avenue, New York 17, N. Y. 
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OFFICES AND WAREHOUSES*. BIRMINGHAM 


2500 Ib. die blanks and a finished extrusion die of Firth Sterling HWD Hot Work Die Steel. 


At Kaiser Aluminum & Chemical Corporation's 
Halethorpe Extrusion Works, operated under a 
U. S. Air Force lease, are two 8,000 ton capacity 
extrusion presses—the largest operating units 
designed and built in the United States. Presently 
extruding large, complex aluminum shapes— 
wing spars, wing panel sections, and missile 
hull sections, for the aircraft industry, the two 
giant presses, named Rex and Regina, utilize dies 
made from Firth Sterling Hot Work Die Steel. 

Yes, Firth Sterling HWD is a monarch in its 
own right, with properties capable of withstand- 
ing the tremendous pressures of this king and 
queen of extrusion presses. This intricate process 


requires materials that 

in volume production Without replacems 

giant presses each weigh 1500 ‘onS and are 
capable of extruding aluminum shapes more than 
85 feet lo d over 12007 a each in 
weight. The f FirthSrer) AWD i is tangible 
evidence oft hehigh 5 rie odern die makers 
have of the quality of hey the-praterial. 

HWD Steel is just one Of the Firth Sterling line 
of more than 50 Tool and Die Steels. Ask for a 
Firth Sterling engineer to cooperate in your next 
die making problem to assure the correct grade 
and analysis. 


VISIT OUR BOOTH NO. 937-A 
WESTERN METALS SHOW, LOS ANGELES 


Sterling 


GENERAL OFFICES: 3113 FORBES ST., PITTSBURGH 30, PA. 
MILLS’ McKEESPORT, TRAFFORD, DETROIT, HOUSTON, HARTFORD 


HOUSTON* LOS ANGELES* PITTSBURGH WESTFIELD, N.J. 
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PRODUCTS OF FIRTH STERLING METALLURGY 
tees 


CHICAGO* CLEVELAND* DAYTON DETROIT* HARTFORD* 


Se os For the King and Queen of Extrusion 
it’s FIRTH STERLING 
OT WORK DIE OTEEL 
Giant press extruding an aluminum spar section. The By 
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This 500 Ib. melting 
and casting furnace, re- 
motely controlled from 
a graphic panel, can be 
readily converted to 
semi-continuous opera- 
tien by addition of 
Vacuum 


“The outfit with the ‘know how’ 
has the answers”... and this is 
doubly true in Vacuum technology! 
KINNEY High Vacuum Pumps pro- 
vided the answers “away back 
when” and you can practically 
chart the significant advances in 
Vacuum processing by the devel- 
opments contributed to the art by 
KINNEY engineering. 

The KINNEY oil sealed rotating 
plunger Pump, producing pres- 
sures down to 0.2 micron, continues 
to be the outstanding Pump of its 
kind in the world. The KINNEY 
Mechanical Booster Pump, intro- 
duced but four years ago, is con- 


| KINNEY high capacity 
pumping system shown 
at left. 


tributing important advantages in 
securing clean, dry Vacuum at 
even lower pressures. 

Now KINNEY offers the metallurg- 
ist new tools for production and 
research...complete High Vacuum 
Systems — Evaporators, Furnaces, 
Drying Ovens and Packaged 
Pumping Systems. And for the 
Metals industry — Complete High 
Vacuum Systems for Melting, De- 
gassing, Casting, Refining and 
Heat Treatment. 

Yes, “for new developments in 
Vacuum Metallurgical Equipment” 
get the answers — based on experi- 
ence — from KINNEY. 


KINNEY use. 


WRITE: 


for Catalog No. 
425, fully describ- 
ing KINNEY High 
Vacuum Pumps, or. . 
for detailed infor- 


equipment [_] 


NEW YORK AIR BRAKE 
|[3584C WASHINGTON STREET + BOSTON 30 + MASS. 


I Kindly send me catalog No. 425 [] 
| Riso send further information on your complete Vacuum 


mation on your 
specific problem. 


Personals . . . 


James K. McLaughlin @ has ac- 
cepted a position as manager of 
sales, low frequency induction heat- 
ers, for Magnethermic Corp., Youngs- 
town, Ohio. After graduating from 
Youngstown University in 1951, 
Mr. McLaughlin was employed by 
Magnethermic as a sales engineer 
and later served as design engineer. 


Charles A. McFadden @ has been 
promoted to the post of manager, 
general industry division, Selas Corp. 
of America, Dresher, Pa. Mr. Mc- 
Fadden is concerned primarily with 
Selas automatic heating equipment 
as applied to metalworking opera- 
tions. Coming to the firm in 1943 as 
a fuel engineer in the laboratory, he 
has held the positions of sales engi- 


neer and project engineer. 


Charles J. Walton @, assistant 
chief of the chemical division of the 
Aluminum Co. of America, Pitts- 
burgh, Pa., was recently promoted 
to chief of the chemical division. Mr. 
Walton, who joined Alcoa’s metal- 
lurgical division in 1931, was trans- 
ferred to the chemical division in 
1943, and three years later named 
assistant chief. 


Robert K. Allen @ has been ap- 
pointed superintendent of product 
development at the Alliance, Ohio, 
research center of the Babcock & 
Wilcox Co. Associated with B & W 
since his graduation from University 
of Colorado, School of Mechanical 
Engineering, in 1936, he was em- 
ployed in an engineering capacity 
at the boiler division in New York 
and Pittsburgh until 1951 when he 
was made supervising engineer in 
New York. He last held the post of 
chief staff engineer. 


Andrew J. Frank @ has been as- 
signed to the metallurgy division of 
the Denver Research Institute, Den- 
ver, Colo., as a research chemist 
working on problems concerning 
metals chemistry. Dr. Frank came to 
DRI from the Watertown Arsenal 
laboratories, Watertown, Mass., 
where he was chief of analytical 
research. He taught at Northeastern 
University in Boston and Tulane 
University, and was also affiliated 
with the Atomic Energy Commission 
Raw Materials Development Labor- 
atory at the American Cyanamid Co. 
in Winchester, Mass., for two years. 
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How Chemical Coatings Protect Steel 
from Decarburization, Carburization, 


Scaling, or Nitriding 


When steel is heated, it is often desirable to protect the 
surface from decarburization, carburization, scaling or 
nitriding. This is now possible with chemical coatings 
that are easily applied by dipping, brushing, or spray- 
ing. These protective coatings are suitable for selective 
carburizing or selective nitriding and also prevent de- 
carburization or scaling. 


For Prevention of Carburization or Decarburization | 


No-Carb prevents undesired carburization or decarburi- 
zation when properly applied to clean and dry steel 
surfaces. It is used for selective carburization in solid 
or gas carburizing and for the prevention of decarburi- 
zation on high alloy steels during heating for rolling, 
forging, and hardening. No-Carb is especially suitable 
for protecting the surfaces of high speed steel tools 
hardened from furnaces with or without atmospheric 
control. It is not designed for use in salt baths or on 
threaded areas. 


Unprotected edge of 
high speed steel show- 
ing decarburization 
after hardening. 


No-Carb protected 
edge of hardened high- 
speed steel. Note lack 
of decarburization. 


Solid Carburizers 


No-Kase furnishes positive protection against carburi- 
zation in pack carburizing compounds and in certain 
liquid carburizing salts. It also performs satisfactorily 
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in some gas atmospheres. No-Kase is particularly ad- 
vantageous where such difficult sections as threads are 
to be protected against carburization. In liquid car- 
burizing, No-Kase is most effective in a barium ener- 
gized salt bath composed of Park-Kase No. 1-S and 
replenished by Park-Kase No. 1 or No. 2 Energizer. 


For the Prevention of Excessive Scaling on Steel 


Here, Park No-Scale can be used effectively to prevent 
the formation of excessive scale on high alloy steels, 
die blocks and forgings. It acts as a die lubricant and 
prevents the loss of valuable alloys during heating 
operations. No-Scale is also used on the outside of 
steel pots to prevent excessive oxidation. 


Example of selective carburization with Park No-Kase. Note clear 
cut line of demarcation between the protected and unprotected areas. 


Carbon Preventive 


Carbon Preventer is a plastic compound for the pre- 
vention of carbon penetration into steel. It is used on 
threaded sections and other locations where the removal 
of No-Carb might be difficult. It is not designed for use 
in salt baths. For further information or an analysis 
of your specific problem, write to PARK CHEMICAL 
COMPANY, 8074 Military Avenue, Detroit 4, Mich. 
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Industrial’s “Cire-Air” tem- 
pering furnace is:the most 
efficient heating machine 
ever designed. 


The turbulent recirculation 
of hot gases through and 
around the work insures 
maximum and uniform heat 
transfer. Proper channel- 
ing of the hot gases to the 
work prevents wasteful dis- 
sipation of heat; and puts 
heat where it is needed — 
on the work. 


A “Cire-Air” processing 2000 lbs. per hour at 1300° F., hold- 
ing +5° F., forces 14,500 C. F. M. of hot gases through the 
work. “Circe-Air” heating is recirculation at its best. 


The continuous “Circ-Air” is suitable for heating steel, brass, 
aluminum and cast iron at temperatures up to 1450° F. 


WHY THE CIRC-AIR IS THE BEST TEMPERING FURNACE! 


The work is carried on a continuous conveyor. Loading can vary; %” 
bolts are densely loaded up to 3” deep. Less dense loadirig may be 
20” deep. A 3’ x 21’ “Circ-Air” tempers over 2000 Ibs. per hour. 


Hot gases from the combustion chamber “C” and recirculated gases 
returning from the work chamber mix in the fan area “F.” Entering 
the heating area through “T” at control temperature, balanced heat 
is directed to the charge and discharge ends, and is returned to the 
mixing chamber. The continuous V construction of the metal liner 
forces the hot gases up and down through the load at high velocity. 
The hot gases in the heating zone flow counter to the work. Heat 
transfer is rapid. Equilibrium is reached at point “E”, and +5° F. 
is held the length of the holding zone. Heating is without 
temperature head. 


“Circ-Air” furnaces have been built in widths up to 108 inches, in 
lengths up to 165 feet, for temperatures from 250 to 1450° F., and 
capacities from 200 to 16,000 Ibs. per hour. Send for Bulletin 13-A 


INDUSTRIAL 


HEATING EQUIPMENT CO. 


CIRC-AIR 3570 FREMONT PLACE, DETROIT 7, MICHIGAN ® WALNUT 3-7000 


1N RECIRCULATION 


Personals . . . 


A. L. Nussbaum @, formerly sales 
manager of Stanat Mfg. Co., is now 
in charge of the rolling mill di- 
vision of Loma Machine Mfg. Co. 
Inc., New York. 


John W. Porter @, assistant vice- 
president of American Steel Found- 
ries, Chicago, has retired after more 
than 41 years with the firm. Grad- 
uating from the University of Ken- 
tucky, Mr. Porter was employed at 
the company’s East St. Louis, IIl., 
works as a chemist. He later served 
as assistant works manager of the 
Chester, Pa., and Granite City, IIl., 
plants, works manager of the East 
Chicago, Ind., plant and manager 
of operations of the cast armor di- 
vision. At retirement, he was work- 
ing at the manufacturing research 


laboratory in East Chicago. 


William Rostoker @ has been 
promoted to assistant manager of 
the metals research department at 
Armour Research Foundation of 
Illinois Institute of Technology. He 
will be in charge of the applied 
metallurgy, foundry and steelmak- 
ing, physical metallurgy, and weld- 
ing sections. Dr. Rostoker, who pre- 
viously served as senior metallurgist 
and supervisor of physical metal- 
lurgy, joined the Foundation in 1951, 
and before that taught at Illinois In- 
stitute of Technology and the Uni- 
versity of Birmingham in England. 


Frederick W. Rys @ has been 
given a new assignment in the engi- 
neering and construction division of 
Koppers Co., Inc., as vice-president 
and manager of the Freyn Dept. Mr. 
Rys was assistant manager of the 
Freyn Dept. until last year when 
he was named vice-president and 
manager of construction projects for 
Koppers International, C. A., a 
wholly owned subsidiary of Koppers 
handling the company’s foreign ac- 
tivities. 

J. A. Cairns @ has been elected 
to the board of directors of Allied 
Research Products, Inc., Baltimore, 
manufacturer of chromate conversion 
coatings and plating chemicals. Mr. 
Cairns has been associated with the 
organization since 1948 and in 1955 
was named sales manager of the 
marketing subsidiary, Allied Re- 
search Sales Corp. 
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2 High quality and good service are apt words to de- 
scribe what you get when you se tool and high- 
speed bar stock from Jessop Steel. Descriptive in 
the past—even more so today! For, during the last 
year, Jessop has greatly expanded its laborato 
facilities for closer quality-control and radically ot 
justed its warehouse product-mix for faster service. 
Whether you buy bar stock, or any of the other 
products shown below, you'll find profit in sending 
your next order to Jessop Steel. 


STAINLESS STEELS - HIGH SPEED STEELS - NON-MAGNETIC STEELS - HIGH SPEED TOOL BITS 
HEAT RESISTING STEELS ~- STAINLESS-CLAD PLATES ~- CARBON AND ALLOY STEELS 
TOOL STEELS FOR SPECIAL PURPOSES ~- CAST-TO-SHAPE TOOL STEELS - HIGH SPEED 
AND ALLOY SAW STEELS - TEMPERED AND GROUND STRIP STEEL - COMPOSITE HIGH 
SPEED STEELS - STAINLESS AND HEAT RESISTING CASTINGS - COMPOSITE DIE STEEL 
SECTIONS - PRECISION GROUND FLAT STOCK - DIE STEELS HOT AND COLD WORK 


Steel of Canada Limited, Wallaceburg, Toronto 
Jessop Steel International Corp., Chrysler Building, New York, New York 
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ADVERTISEMENT—This entire page is a paid advertisement 


CHEMICAL NEWS 


Prepared by U. S. Industrial Chemicals Co. 


A Series for Chemists and Executives of the Solvents and Chemical Consuming Industries 


Greenleaf to Handle Market 
Development of Zirconium 


And Titanium for U.S.I. 
William C. Greenleaf 
ies: has been named Man- 
ager of Metals Devel- 
opment for U.S.I. and 
will be responsible for 
market development 
and sales of zirconium 
and titanium sponge, 
to be produced from 
U.S.L.’s two new plants 
now being built in 
Ashtabula, Ohio. 

A recognized author- 
ity in the field of zirconium and titanium, 
Mr. Greenleaf presented three papers during 
the 1955 Atomic Industrial Forum Zirconium 
Program, describing (1) melting of zirconium, 
(2) fabrication of zirconium, and (3) zir- 
conium mill products and prices. He also con- 
ceived and developed processes now in general 
use for producing both wide-sheet and flat-bar 
titanium and zirconium by continuous strip- 
mill techniques. 


Faye Named Manager of 
Sodium Product Sales 


Martin Faye has been 
named Manager of 
Sodium Product Sales 
for U.S.L. and will be 
responsible for coordi- 
nating sales and sales 
promotional activities 
for metallic sodium, 
Isosebacic” 
acid and related prod- 
ucts. 
Mr. Faye joined the 
U.S.1.-National Dis- 
tillers organization in 1952 in the Market Re- 
search and Development Department. 


Information about manufacturers of these 
items may be obtained by writing the 
Editor, U.S.1. Chemical News. 


TECHNICAL DEVELOPMENTS 


A zirconium-copper alloy now available is re- 
ported to combine high electrical conductivity 
with good strength retention at elevated temper- 
atures. Suggested for electrical motor commu- 
tators serving above 500°F where strength is 
needed. Conductivity is 95.8% of copper. No.1193 
Titanium wire cloth is now on the market in 
sizes from 60 mesh to coarser grades. It is re- 
ported to be particularly suitable for filtering or 
screening highly corrosive materials. No. 1197 


Zirconium and Titanium Lick 
Roughest Corrosion Problems 


Metals to be Available at Lower Cost in Future; 
Provide Long-Lived Materials of Construction; 
Complement Each Other on Corrosion Resistance 


It is now practical to fabricate equipment which is corrosion-resistant to almost 
every substance encountered in industry, by using either zirconium or titanium 


metal. Alloys of either metal, or possibly both, 
may extend the range even further. 

Industrial applications of these metals have 
been hampered by two considerations: avail- 
ability and price. Zirconium will shortly be 
produced at a rate sufficient to supply indus- 
trial needs, and titanium has been available to 
industry during the past two years. And it is 
expected that increased production of these 
metals during the next few years will result 
in significant price decreases. 

Twelve to thirteen thousand tons of titanium 
were available in 1956 and present construc- 
tion schedules indicate that the figure will 
rise substantially in 1957. U.S.I.’s new plant 
alone will add 5,000 tons to the annual pro- 


duction capacity by the end of the year. 


Zirconium will '~ on the market in quantity 
by mid-1957. Wh. its new plant at Ashtabula, 
Ohio gets under way, U.S.I. will be able to 
supply 500,000 pounds or more per year to 
commercial users in addition to its Atomic 
Energy Commission commitments of 1,000,000 
pounds per year. 


New Metals Economical 

Chemical process equipment can now be 
fabricated from titanium for a little over twice 
the price of stainless steel, and it is expected 
that in the future titanium equipment will 
be only 50-75% higher than stainless. Com- 
mercial grade zirconium equipment will prob- 
ably be priced only 75-100% higher than 
stainless when volume production is reached. 


Typical Corrosion Resistances* of Zirconium and Titanium 


Corrosive Media 


Metal Resistance 


Zirconium 


Titanium 


Sulfuric Acid 


Nitric Acid 
Hydrochloric Acid 
Phosphoric Acid 


excellent 
excellent 


Chromic Acid 

Aqua Regia 

Wet Chlorine Gas 
Chlorine Water 
Sodium Hydroxide 
Ferric Chloride 
Calcium Chloride 
Cupric Chloride 
Sodium Chloride 
Ammonium Chloride 
Aluminum Chloride 


excellent 
poor 
poor 
excellent 


poor 
excellent 
poor 
excellent 
excellent 
excellent 


excellent to good 


below 80% 


excellent to fair 


below 85% 


good below 90% 


good below 5% 


excellent 
good below 10% 


poor 


excellent to good 
excellent 
excellent 
excellent 
good below 50% 
excellent 
excellent 
excellent 
excellent 
excellent 
excellent to fair 


*Above data do not cover all conditions because of space limitations. Literature references 
may be obtained by writing the Editor, U.S.1. Chemical News, 99 Park Ave., N. Y. 16, N. Y- 


DUSTRIAL CHEMICALS CO. 


Division of Nationa! Distillers Products Corporation 
99 Park Avenue, New York 16, N. Y. 


U.S.1. SALES OFFICES 


Atlanta * Baltimore * Boston * Buffalo * Chicago * Cincinnati 
Cleveland * Dallas * Detroit * Houst 
Los Angeles * Louisville * Minneapolis * Nashville * New Orleans 
New York * Philadelphia * Pittsburgh * Portland, Ore. * St. Louis 
Salt lake City * San Francisco * Seattle 


indi i 


* Kansas City,Mo. 
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Roto-Finish, pioneers in precision barrel finishing, 
offer you a complete finishing service. Savings on 
deburring, descaling, grinding, polishing, coloring and 
surface improvement are tremendous. Expensive hand 
finishing methods can be eliminated. 


Roto-Finish processes are controlled to produce the 
finish you need with no significant dimensional 
changes. You get absolute uniformity of finish in 
quantity lots. 


Many prominent manufacturers now using Roto-Finish 
processes are saving money on finishing costs. (Names 
on request). 


ROTO-FINISH CHIPS, COMPOUNDS AND 
MACHINES ARE OF THE HIGHEST 


QUALITY Roto-Finish has never sacrificed quali 

for the sake of price. Through the years, Roto-Finis' 
has carried on a continuous program of process and 
product improvement to meet the needs of modern 
industry. When you choose Roto-Finish processes, 
you can be sure that you are getting the best in 


SEND FOR pri 
THIS FREE 

TECHNICAL 
DATA FOLDER | 


Cut parts finishing costs, maintain exact tolerances, 


get absolute uniformity with KoVe-Famcthe processes 


supplies, equipment and complete continuing engineer- 
ing service. 


ROTO-FINISH GUARANTEES RESULTS 


There is no costly trial and error involved in the 
purchase of Roto-Finish equipment. You submit un- 
finished parts to Roto-Finish along with a finished 
sample and a description of the finish you require. 
These sample parts are processed in the Roto-Finish 
Sample Processing Laboratories, where experienced 
engineers determine the combination of chips, com- 
pounds, and machine required to do the job. Roto- 
Finish guarantees to reproduce the same results in 
your plant, using the Roto-Finish processes, that are 
achieved in sample processing. This service demon- 
strates for you exactly what you can gain by using 
Roto-Finish processes. 


The sample processing service is available to help you 
with your finishing problem. Take advantage of this 
opportunity to save on finishing costs. Send samples 
of finished and unfinished parts and details of the 
type of finishing equipment available in your plant. 


COMPAN 


Box 988 


— Societe Rete - Finish © 
Electroquim 


SPAIN — Instituto 
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3721 Milham Road, Kalamazoo, Mich. Dhone: Fi 3-: 
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BLAKESLEE 


: 


Automatic Parts Washer 
manufactured by G. S. 
Blakeslee & Co., Chicago, Illinois 


Degreasing aluminum 

parts is a production oper- 
ation in this midwestern plant — a large manu- 
facturer of aircraft components. This Blakeslee 
Parts Washer provides a fast, continuous method for 
quickly dissolving grease and lubricants, delivering 
clean, dry parts ready for assembly and finishing. 
Solvent is heated to 212 F by two sets of coils, fired 
by special Eclipse combustion assemblies at each 
end of the washer. Maximum efficiency and depend- 
ability are achieved because burners, injectors, 
soap blowers, air gas mixers, control valves, and 
ro gas governors — the complete combustion 
assemblies — were engineered and manufactured 
under the co-ordinated control of one maker. If you 
are a manufacturer or a user of heating equipment, 
such as furnaces, ovens, kilns, driers, etc., you can 
et a broader selection of combustion equipment from 

lipse’s complete line. Write for Bulletin H. 

ECLIPSE FUEL ENGINEERING CO. 


1127 Buchanan St., Rockford, Illinois 
Eclipse Fuel Engineering Co. of Canada, Ltd., Don Mills, Ontario 


COMBUSTION, 
EQUIP MENT 


“Rott complete iio, 


Personals . . . 


Tadeusz Sendzimir @ was elected 
to the board of directors of the Wa- 
terbury Farrel Foundry & Machine 
Co., Waterbury, Conn., at its Decem- 
ber meeting. Waterbury Farrell re- 
cently acquired the Sendzimir cold 
strip mill of the Armzen Co., Water- 
bury, Conn., to be known as the 
Sendzimir Mill Div. with Mr. Send- 
zimir as manager. Mr. Sendzimir is 
also owner and director of the Send- 
zimir Co., including Sendzimir Pro- 
cedes, Paris, and Sendzimir, Ltd., 
London. 


E. B. Whittemore @, formerly 
a member of the sales department, 
is now assistant general manager of 
sales, Cold Metal Products Co., 
Youngstown, Ohio. 


H. H. Brandt @ has assumed a 
new position as New York district 
representative for Laclede-Christy 
Div., H. K. Porter Co., Inc., St. 
Louis, Mo. Previously, he was em- 
ployed by National Carbon Co. and 
Bethlehem Steel Corp. 


E. S. Machlin @ will serve as gen- 
eral editor for a new service to be 
provided for the metal industry by 
Technical Digest Service, Inc., New 
York. The service will publish month- 
ly digests and digest translations of 
current articles on production, de- 
sign, development and research. 


W. Paul Eddy @, chief of engi- 
neering operations at the Pratt & 
Whitney Aircraft Div., United Air- 
craft Corp., Hartford, Conn., was 
elected president of the Society of 
Automotive Engineers for 1957. Mr. 
Eddy joined Pratt & Whitney in 1944 
after 15 years with General Motors 
Corp., and has held his present 
position since 1946. 


R. David Thomas, Jr., @ has 
been named president of the Arcos 
Corp., Philadelphia, Pa. Until his 
promotion, Mr, Thomas was execu- 
tive vice-president of the company. 


William J. Goodwin ©, until re- 
cently with the research and develop- 
ment division of Electro Metal- 
lurgical Co., a division of Union 
Carbide and Carbon Corp., Niagara 
Falls, N. Y., is now a reasearch engi- 
neer in the crucible laboratory of 
Electro Refractories & Abrasives 
Corp., Buffalo, N. Y. 
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Now you can SAVE $215 per ton 
in base price alone! 


Many designers and fabricators who are 
currently using Type 302 stainless can, in 
numerous applications, specify Type 430 
straight chromium stainless and take 
advantage of the 1034 cents per pound 
difference in base price. Some of our 
customers are already saving more than 
$215 per ton using our 430 MicroRold 
stainless sheet. 

The steel industry estimates that 50% 
of all stainless sheet applications could 
satisfactorily employ Type 430, the least 


expensive of all stainless grades, as an 
economical and practical material. When 
properly applied, Type 430 has all the 
desirable qualities of beauty, corrosion re- 
sistance, strength, long life and low main- 
tenance that no other material, except 
stainless, can offer. 

We are currently producing our 
MicroRold Type 430 sheets up to 48” 
wide in thicknesses .005” to .109” with 
2B or 2D finishes; and in thicknesses 
010” to.109” in No. 3,4 and 7 finishes. 


Send for Your copy, “Care and Use of 430 MicroRold Stainless Steel” 


Washington Steel Corporation 


3-T, WOODLAND AVENUE, WASHINGTON, PA. 
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Box A containing full furn- 


ace load of parts process- 


ing in work chamber. Box 
B—fully loaded, pre-heats 
in the upper vestibule. Box 
C—fully-loaded, waits on 


Box A completely proc- 
essed, moves out to eleva- 
ator and is lowered into 
quench; bringing pre- 
heated Box B to loading 
level. Box B is pushed into 
heat chamber and door is 
closed. 


After proper interval, 
outer door is opened. Box 
Cis placed on upper eleva- 
tor and raised to pre-heat 
position as Box A is lifted 
from quench and removed 
from lower elevator. 


Sealed Cycles} double door seal 
affords complete flexibility of 
processing without exposing heat 
chamber to air contamination. 


Upper vestibule is easily adapted for slow 
cooling. Quench is adaptible for inter- 
rupted quenching. 


Feral” wis 


Personals . . . 


James L. Scot @, formerly affili- 
ated with the University of Tennes- 
see, is now a member of the staff of 
the Oak Ridge National Laboratory, 
Oak Ridge, Tenn. 


Leslie L. Seigle @ has assumed 
new duties as manager of metallurgy 
research at the Stet Research Labora- 
tories, Sylvania Electric Products 
Inc., Bayside, N. Y. Dr. Seigle joined 
Sylvania in 1951 as an engineering 
specialist, and more recently directed 
the Research Laboratories’ basic 
metallurgy programs as well as co- 
ordinating non-nuclear metallurgy 
research. In addition, he also serves 
as an adjunct professor of metallurgy 
at New York University. 


Clyde R. St. John @ is now gen- 
eral staff metallurgist for Kaiser 
Aluminum & Chemical Corp., Oak- 
land, Calif. Joining Kaiser Aluminum 
in 1946 at the Trentwood, Wash. 
works, he later moved to the Newark, 
Ohio, plant where he served as as- 
sistant chief metallurgist, superin- 
tendent of inspection, assistant plant 
superintendent and plant superin- 
tendent. In 1955 he returned to 
Trentwood as mill products manager. 


K. W. Thompson @, president of 
the K. W. Thompson Tool Co., New 
Hyde Park, L. I., N. Y., was elected 
president of the Investment Castings 
Institute at the Institute’s fourth 
annual meeting in Detroit last fall. 
The new treasurer of the Institute is 
V. S. Lazzara @, president of Cast- 
ings Engineers, Inc., Chicago. 


Gary W. Wilson @ has been ap- 
pointed sales representative for the 
American Brass Co., Waterbury, 
Conn., and will be responsible for the 
Reading-Allentown-Easton, Pa., area. 
Mr. Wilson received the company’s 
two-year mill training course and re- 
cently served as a sales correspondent 


in the Philadelphia office. 


Ford E. Dreves @ is now district 
manager of the Philadelphia terri- 
tory, Wyckoff Steel Co., Pittsburgh. 
Mr. Dreves will make his head- 
quarters at Philadelphia. 


Phillip L. Rittenhouse @, formerly 


MECHANIZED, BATCH- 
TYPE, CONTROLLED 


12045 Woodbine Ave., Detroit 39, Mich. MOSPHERE FURNACES 
Phone: KEnwood 2-9100 


a student at the University of Tennes- 
see, has been added to the staff of 
the Oak Ridge National Laboratory, 
Oak Ridge, Tenn. 
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Lightweight and easy to handle, this OxweLp powder-cutting blowpipe makes fast work of risers. 


Powder-Cutting speeds removal operations 300% 


Removing risers from stainless steel castings need no 
longer be costly and time consuming. Pictured above is a 
typical powder-cutting operation at the Ohio Steel Foundry 
Company, Springfield, Ohio. Here, 2 by 4 inch thick stain- 
less steel risers are removed by powder-cutting in only 15 
seconds. By methods previously used, this operation took 
up to four times longer. 

In the powder-cutting process metal powder is auto- 
matically injected into an oxygen flame to increase the 
flame’s heat and severing action speed. The powder process 
is helping users gain new efficiency and speed in the re- 


Linde Air Products Company 
A Division of Union Carbide and Carbon Corporation 
New York 17, N. Y. 


30 East 42nd Street Ue 


Offices in Other Principal Cities 
In Canada: LINDE AIR PRODUCTS COMPANY 


Division of Union Carbide Canada Limited, Toronto 


“Linde” and ''Oxweld” ore registered trade-marks of Union Carbide and Corbon Corporation. 
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moval of gates and risers, sand incrustations, and casting 
defects. 
The powder-cutting blowpipe used in this operation, an 
OxweLp AC-4, is designed for hand cutting of oxidation 
resistant metals such as stainless steel, chrome alloys, and 
cast iron. Heavier apparatus is also available for manual 
and mechanized operations. 

Increase your production and profit—call your local 
LinDE representative, or write for illustrated literature on 
Linpe’s modern processes. Start saving now, do it today. 
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if your firm= 
uses parts anything 
=—like these... 


+H 


‘| 


we'll show you 
how to= 


reduce 
your 
costs’ 


Through Albion’s modern resin shell 
casting techniques, pearlitic and 
ferritic malleable irons may be cast 
to your specifications and tolerances 
with physical properties to suit your 
specific range of applications. 

And more important, Albion’s 
resin shell molded pearlitic and fer- 
ritic malleable iron castings combine 


‘the advantages of both castings 


and forgings. They’re produced 
to extremely close dimensions to 
eliminate excess metal as well as 
machining or grinding operations; 
for greater production time, tool 
and labor savings. 


Phone your Albion Malleable Iron 
Company representative today. 
He can show you how to save 
valuable time and dollars through 
Albion's modern casting techniques. 


Albion’s Research and Development 
Laboratory facilities are at your disposal. 
Whether you are designing new or review- 
ing present parts, Albion’s engineers are 
anxious to assist you. 


ALBION MALLEABLE 


IRON 


co. 


ALBION 
MICHIGAN 


Personals . . . 


Henry H. Hausner @ and Marcel 
A. Cordovi @, adjunct professors at 
the Polytechnic Institute of Brooklyn, 
are teaching the first course in the 
East on the metallurgy of nuclear 
power reactor materials. Until now, 
courses of this type have been given 
only in national laboratories, such 
as Oak Ridge, and have not been 
available in the general college cur- 
ricula. Dr. Hausner is general man- 
ager of the nuclear engineering di- 
vision of the Penn-Texas Corp., New 
York, and Mr. Cordovi heads the 
materials and testing department of 
the atomic energy division, Babcock 
and Wilcox Co., New York. Both are 
working on contracts for the U.S. 
Atomic Energy Commission. 


S. S. Rice @ has accepted a posi- 
tion as chief metallurgist of J. Bishop 
& Co., Malvern, Pa. Mr. Rice was 
chief metallurgist of the Autoyre 
Co. division of Ekco Products Co., 
Oakville, Conn., until the plant re- 
cently closed down. 


Robert F. Mehl ©, director of 
the Metals Research Laboratory of 
Carnegie Institute of Technology, is 
the recipient of the 1956 Pittsburgh 
Award of the Pittsburgh Section of 
the American Chemical Society for 
outstanding service to chemistry. 
This award is presented “in recogni- 
tion of work worthy of note toward 
increasing chemical knowledge, pro- 
moting industry, benefiting humanity 
or advancing the Pittsburgh Section.” 


C. S. Mushinski @ now holds the 
newly created position of superin- 
tendent, bar products, at the Park 
Works .of Crucible Steel Co. of 
America, Pittsburgh. In this new 
post, Mr. Mushinski will continue to 
be responsible for the annealing, 
heat treating and bar finishing de- 
partments, which he formerly man- 
aged as superintendent. Associated 
with Crucible for 33 years, Mr. Mu- 
shinski has been with the Park 
Works since 1931, and has held his 
last position since 1938. 


Arthur R. Tobias @ was recently 
appointed engineer in charge of the 
mechanical test room of the Garlock 
Packing Co., Palmyra, N.Y. Since 
joining the company in 1951, he has 
served as a machine design engineer 
and supervisor in charge of the 
mechanical seal test room. 
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Makes reading easier... Wicker 


KODAK 
Industrial 

X-ray Film, 

Type AA 


Kodak Industrial X-ray Film, Type AA, gives you 
greatly increased speed —a film characteristic that 
brings the radiographer greatly extended possibilities. 


As an example: by using reduced kilovoltage and 
usual exposure time, greater radiographic contrast 
and easier readability are obtained. 


In addition to ranging up to double the speed, this 
new film retains the fine sensitivity characteristics 
which made Kodak Type A the most widely used 
x-ray film in industry. 

Kodak Industrial X-ray Film, Type AA, can save 
you time and extend the usefulness of your present 
radiographic equipment. Get all the details. Contact 
your x-ray dealer or Kodak Technical Representative. 


EASTMAN KODAK COMPANY, X-ray Division 
Rochester 4, N. Y. 


Read what the new Kodak Industrial X-ray Film, Type AA, does for you: 

© Reduces exposure time—speeds up routine examinations. 

© Provides increased radiographic sensitivity through higher densities 
with established exposure and processing technics. 

© Gives greater subject contrast, more detail and 


easier readability when established exposure times f 
are used with reduced kilovoltage. 


© Shortens processing cycle with existing exposure technics. 


© Reduces the possibility of pressure desensitization 
under the usual shop conditions of use. 
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Hot Compacted 
Copper Powder 


Digest of “The Porosity and 
Permeability of Hot-Compacted 
Copper Powder”, by G. Arthur, 
Journal of the Institute of 
Metals, Vol. 84, May 1956, p. 
327-332. 


N A PREVIOUS PAPER “Porosity and 

Permeability Changes During the 
Sintering of Copper” (reviewed in 
Metal Progress, September 1955), 
G. Arthur described the results of 
his experiments on the porosity and 
permeability of cold compacted and 
sintered copper specimens. The 
present paper is an extension of the 
previous studies to include hot 
pressed powder specimens. Three 
different size ranges of powder were 
used and compacting was done at 
1300, 1475 and 1650° F. The main 
variable in the study was the com- 
pacting pressure, ranging from 0 
to 1200 psi. 

As expected, the permeability de- 
creases with increasing compacting 
pressure, and at any one pressure 
the permeability decreases with in- 
creasing temperature. A more inter- 
esting result from the fundamental 
point of view is the fact that for a 
given powder a relationship exists 
between permeability and intercon- 
nected porosity, and this relation- 
ship is independent of the compact- 
ing temperature within the range 
investigated (1300 to 1650° F.). 
A comparison is made between the 
hot pressing technique and either 
the loose powder method or the cold 
pressing and sintering techniques. 
It is shown that for a given total 
porosity the permeability of the hot 
compacted material is intermediate 
between the value for cold compact- 
ed and the value for loose-sintered 
materials, the loose powder material 
having the highest permeability. 

It would be dangerous to con- 


clude from these results that the 
loose powder technique is the best 
method for manufacturing porous 
metals. 

It must be borne in mind that in 
many applications of porous metals, 
such as for boundary layer control 
or sweat cooling, strength is a most 
important factor. For such appli- 
cations, the designer does not care 
much about porosity, but wants 
maximum permeability combined 
with maximum strength. It is hoped 
that in future studies the author will 
include measurements of _ tensile 
strength and elongation. 

In the last portion of the article, 
some of the experimental results are 
interpreted in terms of the various 
theories of sintering. The discussion 
presented is rather confusing and 
since the author himself does not 
draw any definite conclusions, it is 
probably because he felt (and so 
does the reviewer) that the experi- 
ments he performed did not lend 
themselves to a clear theoretical 


int ion. 
interpretation 


Sprayed Metal Coatings 


Digest of “Developments in 
Sprayed Metal Coatings”, Cor- 
rosion Technology, Vol. 3, Oc- 
tober 1956, p. 321-322. 


PRAYED METAL COATINGS, used for 
over 25 years for repair and main- 
tenance work, are now being used 
in manufacturing. Molybdenum-base 
alloys, applied by spraying, bond 
readily to the base metal and make 
a most excellent journal material 
for bearings. 

Formerly the spray gun operated 
with metal powder or wire fused by 
an oxygen-gas flame, the liquid par- 
ticles being blown by compressed 
air against the article to be coated. 
With metal powder the speed was 
slow and much of the powder was 


wasted. Now metal powder can be 
applied using oxygen rather than 
compressed air. A central oxygen 
jet propels the powder out of the 
nozzle into the spray stream where 
it is surrounded by the burning fuel 
(acetylene or hydrogen). This gives 
over 90% deposit efficiency with such 
materials as hard nickel-base alloys 
and ceramic materials such as alum- 
ina and zirconia. 

New self-fluxing sprayed powder 
coatings have a nickel base. The 
fluxing elements contain boron and 
silicon. Slight oxidation of the 
powder produces a borosilicate flux. 
Such coatings range in hardness from 
Rockwell C-30 to C-65. They ex- 
hibit excellent resistance to corrosion, 
oxidation, abrasion and wear, and 
have a very low coefficient of fric- 
tion. These alloys usually fuse after 
spraying. 

Other alloys have been developed 
for use without fusing after deposit. 
They are designed to resist the for- 
mation of oxides without the addi- 
tion of self-fluxing agents. They 
include high-chromium steel and 
chromium-nickel alloys. 

Until recently, ZrO, and Al,O, 
have been difficult to spray because 
of high melting point and low heat 
conductivity, but with the new proc- 
ess, coatings of these materials 0.005 
to 0.025 in. thick, resistant to high- 
temperature abrasion and thermal 
shock, can be applied effectively. 

The article includes data which 
show only the properties of the 
sprayed ceramics, alumina and zir- 
conia. The Al,O;-base coatings are 
said to be harder and stronger than 
ZrO,; their coefficient of expansion 
is 4.3 x 10~® per °F., thermal con- 
ductivity is 19 Btu. per hr. per sq.ft. 
per in. per °F. (compared with 185 
to 320 for steels), and they can be 
deposited 0.01 in. thick at 15 sq.ft. 
per hr. The ZrO,-base coatings are 
heavier and more refractory; their 
coefficient of expansion is 6.4 X 
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FORGEABILITY 
MACHINABILITY 
HEAT TREATING PROPERTIES 


BALANCED 10 GIVE RESULTS 


Automotive Transmission Part forged 
from 2%" round AlSi 4027 


Forging Quality Steel Bars 


For high-quality forgings at low production costs you need forging 
steels with the right balance of machinability, forgeability and 
heat treating properties in carbon and alloy grades. 

At Jones & Laughlin, strict metallurgical control of every process 
from ore mine to finishing mill assures the correct balance of these 


essentials for high-quality forgings. 
J&L’s staff of experienced metallurgists is available to analyze your 
particular requirements. 


J&L FORGING STEELS—EXACTLY TO SPECIFICATION 


Jones & Laughlin 


STEEL CORPORATION: PITTSBURGH 
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see this casting and others 
at Booth 756 at the 
Western Metals Show 


A lightweight skin section 5 feet by 3 
feet in compound contours. One side 
an airfoil, the other side a heat collec- 
tion grid of maximum conductivity 
through the skin. A tolerance of .010” 
on mating surfaces. 


This casting was produced by a 
unique foundry technique developed 
by the aluminum foundry of Morris 
Bean & Co. A rush schedule was met 
on prototypes, and the casting is now 
delivered in production quantities. 

If you seek new approaches on 
difficult-to-form access doors, fins, 
airfoil sections, leading edges, or other 
problem shapes, you should become 
acquainted with— 

Morris Bean & Company 

Yellow Springs 5, Ohio 


a cast aircraft skin? 


Sprayed Metal . . . 


10-* per °F., thermal conductivity 
is 8 Btu. per hr. per sq.ft. per in. 
per °F., and they can be deposited 
0.01 in. thick at 10 sq.ft. per hr. 
The porosity of both types is 6 to 
10%. Several cermets have been 
developed in an attempt to produce 
by this method heat resistant coat- 
ings having a high coefficient of 
expansion. 
Georce F. Comstock 


Cast Structure of 
High Speed Steel 


Digest of “Cast Structure of 
High Speed Steel”, by E. Ineson 
and G. Hoyle, Metal Treatment 
and Drop Forging, Vol. 23, July 
1956, p. 257-262. 


HE COARSE CELLULAR carbide net- 
work which forms during the 
casting of high speed steel, particu- 
larly near the center of large ingots, 
is a major problem in the industry. 
At present, the only known effective 
method for its elimination is by 
extensive hot working with some 90 
to 95% reduction of area. In ingots 
with poor carbide distribution, cen- 
ter bursting may occur. Even this 
method, however, will not suffice for 
ingots greater than about 14 sq.in. 
In an attempt to find a solution, the 
authors review the causes and effects 
in the light of recent knowledge. 
The basic high speed alloy is 18% 
W, 4% Cr, 1% V, with between 0.5 
and 0.8% C. Kuo’s version (Jour- 
nal of the Iron and Steel Institute, 
Vol. 181, 1955, p. 128-134) of the 
constitution diagram of the Fe-W- 
Cr-C system at 18% W and 4% Cr is 
considered most representative. 
When a crystallite forms from the 
melt, the total free energy change 
curve shows a maximum correspond- 
ing to a critical particle size. If the 
crystallite is smaller than this critical 
size, it will be unstable and tend to 
redissolve; if, however, it reaches the 
critical size, it will continue to grow. 
Therefore, any reduction in the“en- 
ergy barrier” will lead to a refine- 
ment in the grain size. Undercool- 
ing reduces the critical nucleus size, 
and this assists refinement when the 
nucleation is homogeneous — that is, 
not affected by foreign particles or 
mold walls. (Continued on p. 140) 
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PERFECT B4 OF 
WAPELLERS 

MATES 

REASES UPE OF 
BEARINGS AMD 
PACKING 


ent Mo us Ke lacemer 


You'll see Spencer “blowers’’... with the familiar 
““sugar-scoop”’ design . . . on a wide variety of equip- 
ment in foundries and metal-working plants every- 
where. 

Performance is the reason. Experienced metals 
men know you just can't beat the rugged reliability, 
the proved-in-use performance of a Spencer Turbo. 

Simple, built-to-last construction . .. mounting that 
requires no special foundation, no bolting down... 
discharge in any of eight positions . . . quiet operation 

. . use of power proportional to amount of air used 
. these are a few of the reasons why SPENCER is 
preferred, 

Capacities from Ys HP to 1,000 HP, up to 
20,000 CFM, 4 oz. to 10 Ibs. pressure. 


CUPOLAS 


ROLLING MILLS 


SPENCER 


HARTFORD 


OTHER QUALITY STATIONARY ) PORTABLE 3 PNEUMATIC 
VACUUM VACUUM CONVEYING 
SPENCER PRODUCTS SYSTEMS , CLEANERS y, SYSTEMS 
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HOW Cambridge Woven Wire Belts 


help Heat Treaters 


METAL 


| 


increase uniformity, 
speed production 


By providing continuous 
movement through heat 
treating cycles, woven wire 
conveyor belts eliminate 
batch handling, increase 
product uniformity and 
production capacity in 
annealing, brazing, quench- 
ing, tempering, sintering, 
etc. EXAMPLE: 


MOVING BELT carries o stream 
of brass light bulb ferrules through 
furnace for continuous uniform 
annealing at 1400° F. 


OPEN MESH of Combridge belt 
allows free circulation of heat 
around load so that hot spots are 
eliminated. Open mesh construc- 
tion also permits rapid drainage in 
wet processes such as quenching 
and washing. 


ALL-METAL E “LT withstands heat 
up to 2100°F. (as in copper 
brazing) without damage, pro- 
vides lasting strength because 
there are no seams, lacers or 
fasteners to break or wear. 


SPECIAL RAISED EDGES hold 
parts on belt, are typical of 
a variety of side and surface 
attachments available to hold the 
product during flat or inclined 
movement. 


Cambridge Woven Wire Con- 
veyor Belts are made in any size, 
mesh or weave, from any metal 
or alloy, and can be used under 
a wide range of conditions... 
hot or cold, wet or dry. Call your 
Cambridge Field Engineer to 
discuss how you can cut costs 
with continuous processing on 
woven wire conveyor belts. Look 
for his phone number under 
“Belting, Mechanical” in the 
Yellow Pages or write for FREE 
130-PAGE REFERENCE MANUAL. 


e Cloth Co. 


FABRICATIONS 


OFFICES IN PRINCIPAL 


Department B, 
Cambridge 3, 
Maryland 


INDUSTRIAL CITIES 


High Speed Steel . . . 


An alternative method of reduc- 
ing the energy barrier is by inocu- 
lation with a foreign substance, 
which can act as a nucleation cata- 
lyst. For this to be effective, the 
substance must exist as small solid 
particles at the solidification tem- 
perature with a satisfactory degree 
of dispersion, must be wetted by 
the liquid, must possess sufficient 
attraction for the solid metal atoms, 
and should provide less than about 
10% lattice misfits. A search for 
suitable inoculants for the delta 
phase in high speed steel is being 
made on the foregoing basis, but no 
results are presented. 

A further approach to the problem 
is by the use of mechanical vibra- 
tions, at either sonic or ultrasonic 
frequencies. This technique has 
been successfully applied to the 
grain refinement of nonferrous alloys. 
The reasons for its success have been 
variously ascribed to the fragmen- 
tation of crystals by the frictional 
forces set up, to a form of cavitation 
which may occur at the mold wall, 
and to an increase in atom mobility 
with a corresponding increase in the 
probability of nucleus formation, 
particularly with ultrasonic frequen- 
cies. Unfortunately, this method 
has not as yet proved beneficial as 
far as high speed steel ingots are 
concerned. One preliminary experi- 
ment resulted in a banded structure 
which persisted in the forged bars. 

R. C. A. THurston 


Metals for Construction 
of Reactors 


Digest of “Steel for Nuclear 
Energy”, by R. C. Dalzell, 
Monograph TID-8012, 
July 1956, 6 p. 


A MonocraPH recently issued by 

the A.E.C. discusses the present 
uses and probable future require- 
ments for stainless steel and other 
metals for construction of atomic 
energy installations. 

Although Type 347 stainless has 
been used in substantial quantities 
by the A.E.C., it does not necessarily 
follow that many reactors in the 
future will require a corresponding- 
ly large amount. All steels by virtue 
of their iron content, as well as 
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Leading hardware manufacturer prefers 


Olympic 


DIE STEEL for long run dies 


This die blanks and forms avto- This progressive die blanks, pierces, 
motive door hinges of curled type and forms a new patented barrel bolt 
from %s" steel. Production over and keeper from Vc" steel 

1,000,000 hinges yearly. 


Braces for ornamental shelf bracket Millions of butt hinges per year are 
is blanked from .143” full hard 1010 blanked out on this die. Metal thick- 
steel that has been given a forged ness is “4”. 
iron finish. 


McKinney Mfg. Co., manufacturer of hinges and builders’ hardware since 
1865, is one of many die users who prefer the long-run performance charac- 
teristics of Latrobe’s Olympic FM high carbon-high chromium die steel. 
These performance advantages, together with economical machinability 
factors are the result of Latrobe’s DESEGATIZED® process of manu- 
facture where the carbide particles and the alloy sulphides are uniformly 
dispersed throughout the steel. 


Visit Booth 1132 at the 10th Western Metal Congress (March 25-29) 


Order Olympic 
FM for your 
next die... 
over 250 stock- 
ed sizes readily 
available from 


tly ltecated Ss T E E L M P A N 
Main Office and Plant 
_ LATROBE, PENNSYLVANIA 


Branch Offices ond Worehouses in Principal Cities 
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Waltz CH gas fired heat-treating unit gives you 
all the advantages of a full scale heat-treating 
department. Designed for heat-treating all types 
of oil or water hardening steel . . . for heating, 

s. quenching and drawing . . . for stress relieving, 
Z- normalizing and annealing, with controlled atmos- 


Features include: 

V. Heating Furnace with range of 1000° to 
2400° F. automatically controlled (12” wide 
x 10” high x 18” deep). 

« Tempering or Drawing Oven is recirculating 
CHOICE type. Work is constantly bathed with evenly 
distributed high velocity and held to constant 
DISTRIBUTOR femperature by automatic control. Alloy steel 
TERRITORIES lined with perforated shelf, has range of 
250° to 1100° F. (21” wide x 10” high x 

NOW OPEN— 18” deep). 
WRITE TODAY = 3s Furnace and Oven doors equipped with foot 

treadles. 

4, Two Quench Tanks for oil and water. By 
means of double wall construction, oil tank 
is entirely surrounded by water for cooling 

Cates 5 oil, more uniform quenching. 

Symmes Street, Cincinnati, Ohio e Automatic electronic type controls. 

Dept. W 6. Shipped ready to install by simply connect- 
Please send without obligation ing gas and electric power line. 

engineering bulletins—Waltz Heat- A complete line of WALTZ standard or special heat- 

treating Furnaces. treating furnaces, using all types of fuels are built 


NAME to suit your requirements. Write for comprehensive 
illustrated bulletins. 


SYMMES STREET 
CINCINNATI, OHIO 


Metals for Reactors . . . 


other common strong metals such as 
nickel and copper, are to a certain 
degree undesirable in nuclear reac- 
tors because of their tendency to 
capture “slow” thermal neutrons. 
For instance, the thermal neutron 
absorption cross section, in terms 
of sq. cm. per g., is as follows: 
0.0007 to 0.0015 for Be, Zr and 
Mg; 9.0049 for Al; 0.0072 for Cb; 
0.015 for Mo; 0.026 to 0.046 for 
Fe, Cr, Cu and Ni; 0.07 for Ta and 
Ti; and 0.35 to 0.4 for Co and Hf. 

In spite of the high values for Ta 
and Co, as compared with those for 
Cb and Ni, respectively, the effect 
of the small amount of the impuri- 
ties Ta and Co that will be brought 
into Type 347 steel along with its 
Cb and Ni is insignificant in com- 
parison with the high structural 
value of the steel because of its Fe, 
Cr and Ni content. Similarly, the 
presence of a little Be, Zr or Mg in 
the steel could not be of appreciable 
advantage from a nuclear standpoint 
in view of the effects of iron, chro- 
mium and nickel. 

The reactor business is in need of 
corrosion resisting steels of higher 
yield strength than that of Type 304 
and of high endurance limit to resist 
thermal cyclings. 

Aluminum has been satisfactory 
for the construction of many reac- 
tors where corrosion at only moder- 
ate temperatures need be resisted. 
Magnesium does not resist corrosion 
by hot water well enough, and beryl- 
lium and columbium are considered 
too expensive. 

Zirconium may often be worth its 
cost because of its excellent corro- 
sion resistance and the economies 
possible in the reactor size and ura- 
nium requirement, due to its low 
neutron absorption of 0.001 sq. cm. 
per g. after removal of hafnium. It 
is difficult to decide between the use 
of zirconium or stainless steel, and 
the relative advantages must be 
calculated specially for each reac- 
tor. In some respects, the use of 30 
times as much zirconium as Type 
347 steel would be permissible in 
construction. Minor differences in 
composition of the steel are neg- 
ligible with respect to nuclear effects, 
and the absorption cross section of 
all 18-8 steels can safely be taken 
as 0.03 sq.cm. per g. 

G. F. Comstock 


METAL PROGRESS 


3% 
gives you™s 
e 
heat-treating 
. > 
department 
a 
eeee0eee © wet” 
— 
pheres. 
7 
md 
urnace company 
142 


Die Life Increase 


400% 


@ Naval Bronze, Silicon Bronze, Copper, Alumi- 
num, Monel and all types of stainless steel are 
heated for forging at the H. M. Harper Co., 


Why not have a TOCCO Engineer investigate 
your plant to determine where TOCCO can cut 
your costs and streamline your production? 


Morton Grove, Illinois. Regardless of material 
TOCCO can be profitably applied to brazing, 
heat-treating and forging operations in almost any 
metal-working plant. 


Production Up—In addition to the very important 
savings in forging dies, TOCCO has increased 
production to as much as 265% of output possi- 
ble with former heating methods. On the 1” type 
303 Stainless machine bolt blanks shown here 
TOCCO upped production from 75 to 200 parts 
per hour, using 35 K. W., 10,000 cycles. 


Versatile—The same TOCCO machine is used on 
stock of %” to 1%” diameter; heated zones vary 
from %” to 4”. TOCCO’S automatic timing cycles 
provide complete uniformity of heating through- 
out both length and cross section—assuring a 
uniformly high quality product. 
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THE OHIO CRANKSHAFT COMPANY 


Mail Coupon Today— NEW FREE Bulletin 
The Ohie Crankshaft Co. + Dept: R-3, Cleveland 5, Ohio 


Please send copy of "Typical Results of TOCCO Induction Heating 
for Forming and Forging”. 


FORGING: COPPER + BRONZE « ALUMINUM + MONEL AND STAINLESS STEEL 
G | 
A 
with TOCCO Induction Heating | 
| 
| 
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| Compony 
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FABRICATED 


MUCH STRONGER and 


MUCH LIGHTER process vessels 
with ROLOCK’S new 


CORRUGATED 


WELDED CONSTRUCTION 


All the advantages of lighter weight, rapid heat transfer, easier 
handling and lower over-all cost are inherent in this Rolock-perfected 
construction technique. Yet there is no sacrifice of strength or antici- 
pated performance. In fact, vessels such as those shown above, of Type 


316 Stainless Steel, can be expected to out-perform alternative designs 
in every way. 


Skilled Rolock craftsmen, using specially developed equipment and 
technique, form the corrugated construction WITHOUT welding at the 
corners — a very important feature. 


This is another example of the way in which Rolock designing and 
welded fabrication skills can help you meet new or unusual equipment 
needs. Always consult us first. 


SALES AND SERVICE REPRESENTATIVES FROM COAST TO COAST 
ROLOCK INC., 1222 KINGS HIGHWAY, FAIRFIELD, CONN. 


JOB-ENGINEERED for better work 


Easier Operation, Lower Cost 


Flow Brightening of 
Electrolytic Tin Plate 


Digest of “The Alloying of 
Tin and Iron during Flow- 
Brightening of [Electro-Tin- 
plate”, by J. C. Thwaites, Jour- 
nal of the Iron and Steel 
Institute, Vol. 183, July 1956, p. 
244-253. 


HE PuRPOSE of the flow-brighten- 

ing studies was to obtain data 
on the rate of intermetallic com- 
pound formation. Specimens of a 
0.085% C low-alloy steel for tin 
plating were plated with various 
amounts of tin from an electrolytic 
cell which simulated conditions in 
an industrial tin-plate line. The 
electrolyte used was an acid stan- 
nous phenolsulphonate type, and 
the plating was carried out on cath- 
odically cleaned and pickled steel 
samples at a current density of 100 
amp. per sq. ft. The electrolyte 
was pumped through the cell at a 
rate of 600 ft. per min. to minimize 
concentration polarization. Flow 
brightening of the plated samples 
was carried out by electric resistance 
heating. 

Several variables were investi- 
gated. These were heating rate, 
total time of heating, maximum 
temperature before quenching, and 
time at temperature before quench- 
ing. Further experiments were car- 
ried out in oil baths to determine 
the rate of alloying at temperatures 
below the melting point of tin. Sur- 
face reflectivity of the flowed sam- 
ples was measured in an effort to 
follow the surface smoothness as a 
function of flow-brightening tem- 
perature and plate thickness. 

A large number of samples plated 
had mean total tin coating weights 
of 2.8, 5.7, 8.3 and 11.0 g. per sq. 
m. The specimens were heated at 
280° F. per sec. for preset times 
and the peak temperature attained 
by each was recorded. Iron-con- 
stantan thermocouples welded to the 
specimen surface were used for this 
measurement. Bright finishes were 
obtained in the range 500 to 715° 
F. The amount of alloy formed was 
measured by the coulometric method 
of Kunze and Willey. Typical values 
for samples heated to 625° F. in 
2.5 sec. showed that for 2 g. per 
sq. m. of alloyed tin, about 1.3 g. 
per sq. m. free tin remained on the 
external surface. Further studies at 
heating rates of 40 and 100° F. per 


METAL PROGRESS 


m4 
4 
| 
=} : 
ALLOYS 
ie 
> 
SRLS7 
144 


L-T-E CIRCUIT BREAKER—KD (3,000 amp. rating) 
showing progressive assembly with Revere Copper 
and Aluminum Extrusions in place. I-T-E Circuit 
Breaker—KE is same type with 4,000 amp. rating. 


“ALUMINUM 


for economy 


COPPER 
for conductivity 


REVERE COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, N. Y. 
Mills; Baltimore, Md.; Brooklyn, N. Y .; Chicago, Clinton 
and Joliet, lil.; Detroit, Mich.; Los Angeles and Riverside, 
Calif; New Bedford, Mass.; Newport, Ark.; Rome, N. Y. 
Sales Offices in Principal Cities, Distributors Everywhere. 
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REVERE 
ALUMINUM and COPPER: 
EXTRUSIONS 


—form a Money-Saving 
team in latest 


CIRCUIT BREAKERS 


Revere T. A. Service an Important Factor 
in Ultimate Design of Parts 


The larger of the two extruded and drawn copper shapes 
shown at extreme left started out on the drawing board as two 
pieces. It was thought that a single shape of this size could 
not be made satisfactorily. At this point, I-T-E Engineers got 
together with Revere’s T. A. (Technical Advisory) Service and 
threshed things over. The final result is the one-piece extrusion 
shown and a reduction in machining time. 


Aluminum was selected for the other extrusion shown because 
I-T-E found that it cost less per pound of metal and had a 
higher strength ratio when compared to a casting. Also, space 
was a factor. In all, Revere supplies 5 copper and 2 aluminum 
extrusions for KD and KE type I-T-E Circuit Breakers. All 
were designed to fit specific requirements of I-T-E Engineers. 
Where it could be used satisfactorily, aluminum was applied 
because of economy, while current carrying members called 
for copper. 


This is still another example of Revere supplying the metal 
that will do the best job and with the greatest economy . . . 
be it aluminum, copper or any one of their alloys. So, with 
new things happening all the time in non-ferrous metals it can 
pay you to keep in close touch with Revere. 
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Completely new series of 


STEREOSCOPIC MICROSCOPES 


Outstanding 

Features 

@ True three 
dimensional image 

Long working 
distance 

@ Reversible, 
inclined body 

e Large field of view 

@ Durable EPOXY 
finish 

@ Top quality optics 

@ Broad selection 
of models 

e LOW PRICE 


American 
Optical 


Defente Products Plont. Reene. Nit 


MAGNI-CHANGER 


Desired magnifications simply 
“dialed-in” by rotation of cali- 
brated cylinder. 


Why not make this the week for you to discover 
that the new CYCLOPTIC series offers you the 


exact model to meet your very need. 
Get the whole AO CYCLOPTIC story . . . request literature today 


NEW Dept. 0360 


Gentlemen: 
BROCHURE 
JUST OFF THE 
PRESS... Name 
WRITE FOR Address 
YOuR COPY 


Rush new CYCLOPTIC brochure, SBS6 


Tin Plate .. . 


sec. revealed that the amount of 
alloy increased with decreasing 
heating rate for any given peak 
specimen temperature. 

The effect of holding for periods 
up to 30 sec. on samples heated at 
100° F. per sec. showed that at tem- 
peratures near 480° F. alloy growth 
was complete in 5 sec. On other 
samples heated at 100° F. per sec. 
but held at 570° F., the alloy coat 
increased steadily over the entire 30 
sec. Diffusion temperatures below 
the melting point of tin also allowed 
alloy growth to take place. Measure- 
ments between 345 and 435° F. for 
times up to 100 min. on previously 
flow-brightened plates showed that 
solid state alloy growth could be as 
effective as growth in the presence 
of a liquid phase. 

Typical alloy layers in the experi- 
mental tin plate averaged 3 to 12 
# in., and taper sectioning was used 
in hopes of being able to see the 
alloy layer metallographically. This 
method was unsuccessful and a pref- 
erential solution of free tin in NaOH 
solutions was finally used to reveal 
the alloy layer. The appearance of 
the alloy later was dependent mainly 
upon its thickness and not on the 
heating conditions under which it 
was formed. 

Examination of the external tin 
surfaces showed that on the thin 
plates having only 2.8 and 5.7 g. 
per sq. m. of total tin, the surfaces 
were bright and smooth up to flow 
temperatures of 750° F. On the 
thicker coatings the tin coat did not 
remain uniform but coalesced into 
individual globules leaving inter- 
vening areas without free tin. This 
tendency was called “de-wetting” 
and was very pronounced at elevated 
temperatures. Where flowed-un- 
flowed interfaces existed in partially 
melted samples a sharp transition 
existed at the common interface. 
Underlying ferrite grain boundaries 
neither were the prominent nuclei 
for melting nor were found regularly 
at the flowed-unflowed interfaces. 
One general feature of the tin coat- 
ings was an increase of grain size 
with an increase in flow-brightening 
temperature. 

Measurements of the surface re- 
flectivity of flow-brightened samples 
were made by comparing the amount 


of specularly (direct) reflected light 
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What do you 


a look for in a 
ferrochromium alloy 


for stainless steels 
and irons? 


One true ferro alloy has them all — 


Extra-low carbon ferrochromium—carbon content .025% max. or .05% max.—to suit your re- 
quirements. There’s a Vanadium District Office near you. A call to it will bring further details. 


VANADIUM CoRPORATION OF AMERICA 


420 Lexington Avenue, New York 17, N. Y. * Chicago * Clevelond * Detroit * Pittsburgh 


VANS 
Producers of alloys, metals and chemicals 
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Solving problems with VULCAN Tool Steels: 


Production run tripled 


Until recently, a run of 200,000 switch boxes 
on a double-acting draw press was an ac- 
cepted standard at Steel City Electric Com- 
pany, Pittsburgh. The compound die used 
in this single-stroke blanking and drawing 
application is subjected to severe abrasion. 
The boxes come off the press hot. 

Under pressure for greater production, 
Vulcan Alidie tool steel was used for the 
complete tooling set-up. 688,000 boxes were 
produced in one tool run. Inspection proved 
that the run could have gone even longer. 
Is there room for this kind of improvement in 
your production schedule? Talk to your Vul- 
can representative—your specialist in forged 
tool steels. Vulcan Crucible Steel Division, 
H. K. Porter Company, Inc. Aliquippa, Pa. 
Offices and warehouses in principal cities. 


Jesse Casasanta, tool and die 
superviser, Steel City Electric 
Company, calls the performance 
of Vulcan Alidie Tool Steel in 
this test near miracle." 


AKP VULCAN CRUCIBLE STEEL DIVISION 
H. K. PORTER COMPANY, INC. 
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Tin Plate... 


(S) to the total light (T) reflected 
and diffused. The ratio S/T goes 
through a maximum when plotted 
against flow-brightening tempera- 
ture, because at elevated tempera- 
tures oxidation of the tin becomes 
appreciable. A typical value of the 
as-plated S/T ratio was 0.1 while 
the peak S/T ratio after flow bright- 
ening was about 0.9. One anomaly 
was that the plate with 8.3 g. per 
sq. m. tin consistently gave the 
brightest appearance to the naked 
eye, but the reflectometer measure- 
ments in no way confirmed this 
observation. 

One disappointing feature of the 
study was the author's failure to 
identify the intermetallic compound 
which was grown during flow bright- 
ening. While the evidence points 
to FeSn, the presence of FeSn could 
not be discounted, especially in 
samples reacted above 925° F. 

Ricwarp E. Grace 


Oxygen Determination 
in Production Steels 


Digest of “The Aluminum 
Reduction Method for the Deter- 
mination of Oxygen in Steel”, 
by J. E. Wells, Journal of the 
Iron and Steel Institute, Vol. 
184, October 1956, p. 185-187. 


ANAtyzinc steel for oxygen con- 

tent by conversion in a vacuum 
of the oxides present to alumina, 
followed by acid extraction and esti- 
mation of the alumina, is not a new 
technique, but there have recently 
been several worth-while modifica- 
tions and refinements. The original 
workers took samples of liquid steel, 
killed them with excess aluminum 
additions and recovered the alumina 
by acid extraction. 

In the current research, use has 
been made of mullite refractory 
tubes, better able to withstand nec- 
essary temperature and pressure con- 
ditions than silica tubes previously 
employed. The new tube design 
has made possible the fusion of 
two samples at a time, as well as 
the application of temperatures up 
to 2370° F., thus increasing the 
number of determinations possible 
in a given time. 

Essentially, the apparatus com- 
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prises a mullite tube 24 in. long and 
with 1l-in. internal diameter, accom- 
modating two graphite boats and 
the samples. One end of the tube is 
closed, the other sealed with a rub- 
ber bung coated with silicone vac- 
uum grease. The bung is fitted 
with a glass tube connected to a 
U-tube pressure gage and a two- 
way tap for connecting the appara- 
tus to the mechanical oil pump for 
evacuation. 

Sample boats are 3 in. long with 
wall thickness of % in., machined 
from a half-section of a 1-in, diam- 
eter bar of graphite. The tube and 
its contents are heated in an elec- 
tric rod-element furnace 12 in. long. 
Sample steel disks about 0.1 in. 
thick are cut from a bar which has 
been ground to remove surface oxide. 
Disks are washed in ether just be- 
fore the determination. Aluminum 
is prepared by cutting pure sheet 
% in. thick into suitably sized strips 
which are filed lightly on all surfaces 
before use. 

Degassing of the graphite boats 
precedes the oxygen determination. 
Four of them — two containers and 
two lids — are placed in the refrac- 
tory tube which is then sealed and 
evacuated until the pressure falls to 
1 or 2 mm. Hg. The tube next is 
placed in the furnace which is 
switched on and controlled at 2280° 
F. for 1 hr. The furnace then is 
cooled to 1700 to 1800° F. and the 
refractory tube withdrawn. At this 
point a second tube can be placed 
in the furnace and four more graph- 
ite boats degassed similarly. 

When the first tube is cold, air is 
admitted, the boats withdrawn and 
any deposit on them is removed with 
a wire brush. Approximately 10 g. 
of sample, sandwiched between alu- 
minum strips weighing about 14 g., 
is placed in each boat and the lids 
set in position before returning to 
the refractory tube. After evacua- 
tion and setting in the furnace, tem- 
perature is raised rapidly to 2280° 
F. and held for 2 hr. Following 
cooling to about 1750° F. the tube 
is withdrawn again and placed in 
an asbestos rack. Care must be 
taken to maintain the tube _hori- 
zontal to avoid spilling the molten 
aluminum. 

When the tube and contents be- 
come cold, air is admitted, the 
boats are removed and the samples 
are extracted for determination of 


(Continued on p. 152) 
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Alternating stresses bear watching! 


Back and forth...up and down...in and out... if those stresses 
keep changing, the life of a metal part is a hard one... and often 
a short one. Stress reversals can cause “fatigue” failure 
at stresses far below the expected strength of the metal. 

One of the outstanding properties of phosphor bronze is its high resistance 
to fatigue failure. It is widely used for electrical switch parts, relay 
contact springs, bellows, rotating shafts and other moving or vibrating parts. 
For detailed information on phosphor bronze, write to 

Riverside-Alloy Metal Division, 
H. K. Porter Company, Inc., Riverside, N. J. 


wy Send today for our 

free handbook 


ALLOY METAL WIRE RIVERSIDE METAL PRENTISS WIRE MILLS 
Prospect Park, Pa. Riverside, NJ. Holyoke, Mass. 


KP>—-- METAL DIVISION 
» K. PORTER COMPANY, INC. 
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The Baldwin SF-1-U Universal Fatigue Machine shown here is being controlled by the Baldwin 
Programmer at its side. Entire sequences of varying static or dynamic loads can be run off, all in 
one automatic operation. 


BALDWIN MAKES EVEN SEVERE, 
PROGRAMMED FATIGUE TESTS AN 
ACCURATE, AUTOMATIC OPERATION 


Here is simulated service testing with flexibility, accuracy and ease 
never before possible! Baldwin Universal Fatigue Machines have 
capacities ranging from 50 |b. to 10,000 Ib. With proper fixtures, 
almost any combination of static and dynamic stress may be 
obtained. Load accuracy is within +2% of load or 0.4% of 
capacity, whichever is greater. 


Add a Baldwin Programmer to your Baldwin SF-1-U Fatigue 
Machine, and you have testing automation! Complete test 
sequences can be set up on the programmer controls and run off 
on the fatigue machine without supervision. Varying static or 
dynamic loads, for any predetermined number of cycles are pos- 
sible. Loads can be changed at approximately 500 Ib. per min. 


For the best in testing, see Baldwin first .. . choose from a com- 
plete line of equipment for testing compression, tension, creep, 
fatigue, impact or torsion. Write today and ask to have a Baldwin 
representative call on you. 


See Baldwin Fatigue Machines and the Baldwin Fixtures for Universal Fatigue Machines include (top to bottom) 
Programmer at the Western Metals Show amplification, bending and torsion. 


BALDWIN - LIMA: HAMILTON 


Blectronics & Instrumentation Division 
Waltham, Mass. 


Testing machines *« SR-4® strain gages * Transducers 
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Cut-away drawing of a Salem-Brosius soaking pit as 
installed in one of the mills of a leading steel producer. 


Users are the best salesmen 
of Salem-Brosius soaking pits 


“We have again specified Salem-Brosius soaking 
pits for our expansion program,” reports an oper- 
ating official of a major steel company using pits 
installed by several manufacturers. ‘“The previous 
installation heated more steel ingots ready for roll- 
ing with less fuel consumption, less maintenance 
cost, and better temperature uniformity than any 
other type of pit in our plant.” 

Reports like this are typical, not only about 


soaking pits, but all other Salem-Brosius heating 
and heat-treating furnaces as well. Salem-Brosius 
engineers, both here and abroad, possess an envi- 
able record for designing furnaces which produce 
maximum, high-quality output at minimum oper- 
ating cost. If your expansion or modernization plans 
call for ingot soaking pits or any other heating or 
heat-treating furnaces, Salem-Brosius, Inc. would 
appreciate an inquiry. 


ALF y, S. LINC 


CARNEGIE, PENNSYLVANIA 
In Canada: Salem Engineering Limited, 1525 Bloor Street West, Toronto, Ontario 
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NOW! 


Fastest, 
easiest way | 
to analyze 
METAL 
SPECIMENS. 


All-new comfort- 
first design . . . 
exclusive performance 
advantages... make all 
other metals microscope 
obsolete! 


BAUSCH & LOMB 


METALLURGICAL 
MICROSCOPES 


NEW EASE! Your hand rests on table 

for effortless precision focusing and mechanical 
stage control. Binocular eyepieces inclined at 
comfortable viewing angle. You remain relaxed, 
fatigue-free throughout prolonged examinations. 


NEW SPEED! Ball bearings and rollers quickly float the microscope into 
critical focus, without drift or binding. 


NEW ACCURACY! Pressure-loaded ball bearings assure lifelong centra- 
tion of Roto-sphere nosepiece, for identical repeat settings. Balcote anti- 
reflection coated objectives provide vivid, detailed images for depend- 
able analyses. 


NEW VERSATILITY! Monocular tube, for photomicrography and measur- 
ing, readily interchangeable with binocular body. Choice of vertical or 
transmitted illumination. Optional mechanical stage. 


Visit Bausch & Lomb Booth 266, Western 
Metal Congress, Pan-Pacific Auditorium, 
Los Angeles, March 25-29. 


BAUSCH 6 LOMB 


FREE on-tHE-s08 DEMONSTRATION 


See the difference! Feel the difference! Prove 
for yourself how exclusive B&L advantages 
help you do your best work faster, more 
easily. 

WRITE, WIRE or PHONE today for demon- 
stration and Catalog D-1053. Bausch & Lomb 
Optical Co., 83515 St. Paul St., Rochester 2, 
New York. (Phone: LOcust 3000) 


Oxygen in Steel... 


alumina. The boats, after wire 
brushing, can be reused at once. 

In using this method of oxygen 
determination, several precautionary 
measures are advisable: 

1. Only freshly degassed boats 
should be used. 

2. Exposure of degassed boats to 
air should be kept at a minimum. 

3. Samples and aluminum should 
be freshly prepared. 

4. Furnace temperature should be 
maintained in the range of 1700 to 
1800° F. when the refractory tubes 
are inserted or withdrawn, in order 
to speed up the determination and 
to minimize any loss of oxygen as 
carbon monoxide from rimming and 
semikilled steels. 

A “blank” is determined by fusing 
14 g. of prepared aluminum sheet 
with a small weight of steel of known 
low oxygen content. Its calculated 
oxygen, after a test, is deducted from 
that determined in the sample. De- 
termination of alumina follows stand- 
ard chemical procedures for acid 
extraction, filtration, ignition and 
weighing. 

The aluminum reduction method, 
operated in a vacuum, gives results 
which compare well with those ob- 
tained by the vacuum-fusion method 
—which is considerably more ex- 
pensive in terms of equipment. 

Some doubt exists about the ap- 
plicability of the technique to rim- 
ming and possibly semikilled steels, 
in view of the ease with which car- 
bon monoxide is evolved from some 
steels when heated in vacuum. 

ArTHuR H. ALLEN 


Soldering and Brazing 


Digest of “Soldering and 
Brazing of Metallurgical Mate- 
rials”, by R. C. Jewell, Journal 
of the Birmingham Metallurgi- 
cal Society, Vol. 36, June 1956. 


HE AUTHOR defines soldering and 

brazing as methods of joining in 
which the filler metal is fused while 
the parent metal is not. He pro- 
poses that a dividing line between 
soldering and brazing should be 
establishing, based on temperature, 
and suggests 1020° F. 

The effectiveness of a _ solder 
depends upon its ability to spread 


AMERICA’S ONLY COMPLETE OPTICAL SOURCE 


+++ FROM TO FINISHED PRODUCT into the the of spreading 
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J&L hot extruded cold drawn cam rail section 


cuts machining cost 


from °1.75 to 75¢ per foot 


“This part was previously milled from a cold rolled section at a cost of approximately $1.75 
per running foot. Our present cost is 75¢ per foot using your cold drawn extruded section.” 
This machine tool manufacturer cut his production costs by buying these exclusive J&L steel 
sections. You can obtain similar savings: 

1. Eliminate machining and finishing operations. 

2. Reduce scrap losses almost to zero. 

3. Eliminate cost of casting and forging intricate sections. 

4. Reduce inventories because extrusions are quickiy available. 
Investigate this new production technique for your shape profiles—within present limits of a 
design which can be inscribed in a three-inch circle. You'll surely boost production, cut over- 
all cost. For complete details write to the Jones & Laughlin Steel Corporation, Dept. 405, 


3 Gateway Center, Pittsburgh 30, Pa. 
Jones & Laughlin 
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This is an actual 
photo of a surface 


prepared by polish- 
ing and etching a 
cross-section of a 
forging, to reveal the 
“grain flow.” (x2) 


A PICTURE OF ADVANTAGES YOU 


can cet ONLY From FORGINGS 


In the picture above you see the grain flow in a forging. 


This picture demonstrates two things. First, the metal is 
dense and free from porosity. The impact or pressure of 
forging helps make it so. Such density is important when 
parts must have machined surfaces, when they must provide 
reliable strength and safety, and when they must be tight 
against leakage of liquids or gases. This quality reduces rejects 
and saves money. It contributes to safety and saves lives. 


Second, notice how grain flow lines follow the shape of 
the part. This improves impact resistance and fatigue strength 
of the part. In closed-die forging, these flow lines can be 
positioned, to give maximum properties where they are 
needed. As a result, forged parts can be lighter, safer, stronger, 
and frequently less costly. 


Thus this picture shows you why forged metal is metal 
you can trust. You can trust forgings for performance, and to 
save money. Find out how forgings can improve your products, 
your costs. Consult a Forging Engineer, and send for the 
booklets offered below. 


you can trust 
DROP FORGING ASSOCIATION Dept. MP 
419 S. Walnut St.+ Lansing, Michigan 


Symbolic emblem of the 


Attach this advertisement six 
x and mail to j 


let What isa or Management Guide 
to Use of Forgingr”, Check title or tithes desired. 


Soldering & Brazing . . . 


being controlled by the contact angle 
and the way this angle is changed 
by alloying or flux action. For 
brazing, an additional factor is the 
rate of alloying between the molten 
filler material and the parent metal. 
The principles upon which brazing 
depends are the operating tempera- 
ture, time, rate of heating, rate of 
alloying or diffusion, joint clearance, 
joint design and the properties of 
the filler alloy and the material being 
joined. 

Fluxes play a vital role in both 
soldering and brazing. The flux 
cleans the parent metal, promotes 
weldability and preserves the clean 
surface to permit the filler alloy to 
flow. 

Special noncorrosive organic fluxes 
for soft soldering of aluminum and 
aluminum alloys have recently been 
developed in England. For hard 
soldering these materials, a new flux 
has recently been introduced for use 
with “Thesscal” hard solders. It is 
corrosive and must be washed off 
after use. For low-temperature 
brazing alloys, fluoride-based fluxes 
of low melting point are essential. 
These too are corrosive. For high- 
temperature brazing alloys, borax or 
borax-based fluxes are most suitable. 
They are practically noncorrosive. 
Vapor fluxes such as boron trifluoride 
have been successfully used in the 
aircraft industry. Controlled atmos- 
pheres may be used as fluxes or 
fluxes can be eliminated by brazing 
in a vacuum. 

The “Thesscal” process for light 
metals is entirely new. It uses hard 
solders and a flux applied with a 
torch. The important feature of the 
process is the corrosion resistance of 
the joints. These solders are the first 
to win Ministry of Supply approval 
for use on aluminum and aluminum 
alloys. The process may also be 
used to join aluminum to dissimilar 
metals such as copper, bronze, mild 
steel and stainless steel. The melt- 
ing range of the solders lies between 
790 and 950° F. and the strength of 
lap joints ranges from 11,000 to 
45,000 psi. 

Two additional processes for 
aluminum and its alloys have been 
introduced. The “Kynal” process 
uses a noncorrosive flux and results 
in shear strengths of 4500 to 5500 
psi. The second employs a special 


ure to your letterbead 
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VACUUM 
CONSUMABLE 
ELECTRODE 
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NRC 


Designed by Engineers 
Who OPERATE Them! 


With an NRC Vacuum Arc Furnace you can 
now melt — economically and reliably — re- 
fractory and reactive metals and alloys. Be- 
cause each of these metals behaves differently, 
satisfactory design of vacuum arc furnaces is 
unusually dependent upon operating experi- 
ence. Built into your NRC Vacuum Arc Fur- 
nace are features which result from the inti- 


We Need 


FIVE ENTHUSIASTIC 


ARC FURNACES 


In NRC Arc Furnaces 
We Have Melted... 


mate familiarity gained from building and 
operating such units for more than a decade. 
For instance, the extra-safe NRC mold design 
reduces the danger of mold burn-through. 


If you are considering the purchase of a 
vacuum arc furnace — laboratory, pilot plant, 
or production size — we would like to point out 
the design features of an NRC furnace which 
will assure you dependable, efficient, and safe 
operation. Use the coupon below. 


To Help Us Keep Growing. 

Mechanical, electrical 
and chemical engineers 
who honestly enjoy 
solving novel problems 
in brand new fields are 
offered new responsi- 
bilities and more stimu- 
lating work. Write Mr. 
David Tobin or call De 
2-5800. 
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EQUIPMENT 


CORPORATION 


NRC EQUIPMENT CORPORATION 
A Subsidiary of 
NATIONAL RESEARCH CORPORATION 
Dept. 1C, Charlemont St., Newton Hi 61, Mass. 


Please send more facts on NRC Arc Furnaces © NRC Vacuum Furnace Bulletin 2) 
Hove your representative coll 1) 
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May-FRAN 


CONVEYOR 
STANDARDIZATION 


_.. saves You MONEY 


..» NOW AND IN THE FUTURE! 


Here is a conveyor program designed for 
the unusual. NOW ... you can have a 
customized conveyor today to meet pro- 
duction needs .. . and with modification, 
that same conveyor will meet the needs 
of tomorrow. 


The May-Fran conveyor standardization 
program provides the standard compon- 
ents that can be assembled to form a spe- 
cial or standard conveyor. These same 
components can be re-arranged at any 
time to solve production problems in 
the future. 


In addition, standard components mass 
produced mean conveyor economy right 
from the beginning. 


Here is a conveyor program of standard- 
ization program that saves you money 
now . .. and in the future! 


Write today for your copy of 
Bulletin MF-200 


ENGINEERING, INC. 


1704 Clarkstone Rd., Cleveland 12, Ohio 


Soldering & Brazing .. . 


tool having refractory bristles which 
mechanically “tins” the parent metal 
with a special fluxless soft solder. 
Shear strengths in lap joints of 
5500 psi. are obtained after 200-hr. 
exposure to saturaced water vapor 
at 212° F, 

A new brazing material has been 
introduced for brasses, bronzes, 
nickel alloys and steels. The filler 
alloy, known as “Dimpalloy”, is 
prefluxed. It can be supplied in 
strips and stampings. Blanking or 
punching will not disturb the flux 
coating and the material can be 
stored indefinitely without deteri- 
orating. This alloy has also been 
approved by the Ministry of Supply 
for steel parts in small production. 
It avoids the human element in 
fluxing and can be supplied in vari- 
ous grades to suit various brazing 
temperatures. 

The Nimonic alloy series may be 
brazed with strong ternary silver- 
palladium-manganese alloys. One 
such alloy gives short-time shear 
strengths of 11,000 psi. at 1470° F. 
and has a creep strength of 4500 
psi. for prolonged periods up to 
1470° F. “Nicrobraze”, a nickel- 
chromium-boron alloy developed in 
the United States, melts at 2155° F. 
and relies on diffusion with the 
parent metal to change the compo- 
sition and so raise the ductility of 
the joint. Since diffusion varies with 
time and temperature, the proper- 
ties of the joint will vary with these 
factors. However, the high-tempera- 
ture properties of Nicrobraze are 
very attractive. 

Gray cast iron may be silver 
brazed where the American “Kolene” 
process is used to clean and pre- 
pare surfaces for brazing. This 
treatment removes flake graphite and 
impurities from the surface. These 
claims were verified by tests con- 
ducted by the author. 

For steels, the low-temperature 
silver brazing alloys have been very 
satisfactory, but suffer the disadvan- 
tage of a corrosive flux. Fluxless 
brazing alloys containing lithium are 
now under development and _ this 
field appears very promising. Braz- 
ing of carbide tips to tools has been 
greatly simplified by use of a tri- 
metal, consisting of a copper layer 
in the middle, with silver alloy braz- 
ing faces on both sides. This is an 
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Steps up gear blank production 


300% by switching from bar stock 


N engine manufacturer felt that his gear blanks 

were costing him too much to make. The center 
hole had to be bored out of solid bar stock. It took a 
whole hour to turn out 29 blanks. And a lot of steel 
was wasted in the process. 


So the manufacturer discussed his problem with 
metallurgists of the Timken Company, experts in fine 
alloy steel. After study they recommended a change in 
production methods together with a switch to Timken® 
seamless steel tubing in place of bar stock. 


With Timken seamless steel tubing, the center hole 
is already there. It doesn’t have to be bored out. Finish 


MARCH 1957 


to TIMKEN* steel tubing 


SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS STEEL TUBING 


boring was the engine maker's first production step. 
And with Timken steel tubing his gear blanks are now 
being turned out at 120 to 130 an hour—an increase 
of 300%. 


Machining costs have been cut by more than half. And 
because the center hole is “‘built-in’’, no steel is wasted. 


The files of the Timken Company contain records of 
hundreds of problems that have been solved by Timken 
fine alloy steel. If you have a tough steel problem, why 
not bring it to us? Wire, write or phone The Timken 
Roller Bearing Company, Steel and Tube Division, 
Canton 6, Ohio. Cable address: ““TIMROSCO”. 
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Soldering & Brazing . . . 


American development. For tools 
which get very hot in service (above 
1110° F.) a new brazing alloy 
known as “R.D.”, which is age 
hardenable at 1110° F. and has high 
hot strength, is particularly useful. 

Finally, the newer metals of im- 
portance to the atomic energy indus- 
try are considered. Zirconium has 
not been brazed successfully on a 
practical scale. Beryllium is difficult 
to braze and uranium still more so. 
Columbium may be brazed by 
plating with nickel or copper, dif- 
fusing and then brazing in a normal 
way. Molybdenum can be brazed 
with copper or nickel-rich brazing 
alloys quite successfully. Furnace 
brazing with silver-palladium- 
manganese filler alloys in hydrogen 
has been reported as successful. 
Tantalum can be vacuum induction 


p i | | y D ig n d brazed with — 
for Continuous Production 
Uranium —Threshold of 


Revolution in Power? 


Digest of “Uranium for Fuel”, 
by Eugene B. Hotchkiss, Ord- 
nance, Vol. 40, March-April 
1956, p. 901-904. 


Aroic ENERGY, as now known 

and signifying chiefly the fission 
to heat aluminum and brass billets prior to forg- of uranium, has opened the road to 
ing jet engine and other parts. Not only has this a new era for electric power genera- 
furnace been designed for a specific job, but Hevi tion. It may be expected to revolu- 


Of special design for Kohler Co. of Kohler, Wiscon- 
sin, this Hevi Duty Conveyor Furnace is being used 


Duty Engineers also built into this furnace many tionize many methods in industry, 
additional features. 


medicine and agriculture. 
e i i i . 
Notice the these fans which speed the heating of This is true in most informed 
the billets by circ g the air, and also in - : 
assure a uniform temperature in the heating cham- opinions, despite statements in some 
ber. With this feature, a smaller, more economical quarters that the process of atomic 


Heat resistant alloy conveyor links and trays mean v 


years of dependable service. may some day replace fission as 


Versatility . . . by using a variable speed drive to the greatest potential power source. 
adjust the conveyor speed, this furnace can be For example, Lewis L. Strauss, 


used for annealing, tempering, and other heating Rael : 
ra lg chairman of the Atomic Energy 


Special Hevi Duty Furnaces can be engineered to Commission, has said, “In regard 
your specifications and your production system. Let to the use of fusion materials rather 
us know your requirements. Our engineers will work than fissionable materials, we have 
with you. never yet been able to control the 
fusion energy releases. Commer- 
cial use of fusion materials is part 
of the long-range development of 
20 or more years hence.” 


The two natural fissile materials 
H E vi o a a. pe nl ec ° M PA N Y are uranium and thorium. A third 
es ’ CONSIN —— — plutonium — is a man-made prod- 
Heat Treating Furnaces... Electric Exclusively of uranium fesion 
Dry Type Transformers Constant Current Regula 
rium is not yet a full-fledged com- 
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petitor to uranium, requiring its 
combination with uranium for fis- 
sion in certain types of reactors. 

Looking ahead to power require- 
ments of the world for the next 100 
years, an estimate has been made 
that by the year 2050 there will be 
a demand for some 1250 energy 
units (1.0 Btu. each). At 
present, all fossil fuel sources, to- 
gether with water power, total less 
than 100 such units. However, 
there is available in atomic energy 
fuel, an estimated 1500 units, and 
this reserve is said to be 23 to 25 
times as great as the fossil fuel 
reserve. 

In addition to conventional sources 
of energy now in use, the tremen- 
dous quantity delivered to the earth 
by the sun must be recognized. 
One calculation is that the quantity 
of solar energy available each day 
is equal to around 20 million of 
the Hiroshima-type atomic bombs. 
Beyond this, vast quantities of 
latent power exist in the energy of 
the tides and in the force of the 
winds. 

Acknowledging that uranium is 
likely to become a principal source of 
electric power, it is of interest to 
know the obstacles in the path of 
its progress. One is the matter of 
sources for uranium ores. They in- 
clude the Belgian Congo, Canada, 
Australia, Portuguese Africa, and 
extensive United States deposits. 
The problem of milling or concen- 
trating uranium ores is complicated 
by the fact that more than 175 
uranium minerals are now recog- 
nized, many not yet completely 
identified. 

First job of the metallurgists and 
miners is to break down the minerals 
and get the uranium into solution. 
This may call for acid leaching, solu- 
tion in carbonates or other methods. 
Most ores are quite lean and large 
quantities of gangue must be han- 
dled to extract the uranium; each 
type is apt to‘exert its own malevo- 
lent influence over the extractive 
process, either through excessive 
reagent consumption or by gumming 
up the processing circuit. 

One common way of recovering 
uranium is to precipitate it as an 
insoluble compound. Recently ion- 
exchange techniques have been used, 
and most of the more recent mills in 
the United States and Canada em- 
ploy this method. There are now 
nine such mills operative in the 
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Tools and Dies 
Heat Treated in... 


ATMOSPHERE FURNACES 


Allis-Chalmers of Milwaukee is using Hevi Duty Con- 
trolled Atmosphere Furnaces to heat treat tools and 
dies made from high carbon, high chrome steels, 
18-4-1, molybdenum, and cobalt high speed steels. 
Maintaining the exact surface carbon content of the 
tools and dies during heat treating is achieved with — 


*® A Hevi Duty Endoth ic Atmosphere Generator 
supplying 500 cubic feet per hour of prepared 
atmosphere. With this controlled at phere, troubl 
some scale and decarburization or carburization of 
the surface is eliminated. 


A Hevi Duty Box Type Hardening Furnace, designed 
for temperatures to 2000° F., is used for preheat- 
ing high speed steels and hardening carbon steels. 
A Hevi Duty High Temperature Furnace, designed for 
temperatures to 2600° F., is used to harden the 
high speed steels. 

This combination assures you that tools and dies can 

be treated to exact hardness. Achieve better heat 


treating results by specifying Hevi Duty Furnaces. 
Write for Bulletin 153. 


ELECTRIC COMPANY 


MILWAUKEE 1, WISCONSIN 
Heat Trea ur «++ Electric 
ay Ty. Constant Current 


pe Transformers — 


Controlled 


| 
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Uranium Fuel .. . 


United States, with several more 
under construction. 

Crude concentrates of uranium 
from milling operations require con- 
siderable subsequent refining in 
order to achieve the necessary high 
purity before reduction to metal. 
This phase of the current program 
is being carried out by industry 
under government contract, although 
in the future, refining activities may 
be opened to industry generally. 

The next step is the fabrication of 
reactor fuel elements. This is done 
to rigorous specifications and with 
metals often difficult to form or join. 
A high degree of skill is demanded in 
special techniques, such as alloying, 
cladding and joining. 

Recycle material from a reactor 
must also be fabricated, along with 
virgin material and, given sufficient 
decontamintaion, may be handled 
similarly. 

The final step in preparation of 
fission fuels is reprocessing, an im- 
portant aspect of the economy of 
nuclear power reactors which has 
not received the attention it should. 


how do you measure economy? The term means the reprocessing of 


spent fuel elements and the separa- 


i ti d_refabricati f the re- 
economy Is not measured by price alone! ion and refabrication of the re 


covered valuables into fresh fuel. 
When you are concerned with metal A nuclear reactor, jipre-ess comets 
abrasives there are many yardsticks tuted, is bs furnace in which suit- 
that must be applied to truly meas- able fuel is fissioned to release heat, 
ure economy. accompanied by fission products. 
How long will an abrasive last? How Some of the latter unfortunately 
long before it breaks down into fines tend to inhibit the essential chain 
and becomes inefficient? reaction — they “poison” the reac- 
How destructive is the abrasive to tor. Also, there are physical deteri- 
machinery and equipment? oration and dimensional changes in 
How efficiently does it perform and the fuel element to contend with, 
what is the time cycle for good per- caused by the high localized energy 
formance? release of the fission products in the 
To sum it all up—the economy of fuel elements. 

using any abrasive can be meas- The future of atomic eneregy lies 
ured by the cost per ton of metal with uranium, whether or not it is 
cleaned! supplemented to some extent by 
On every count, Malleabrasive has other fuels and whether or not the 
proved its superiority over the years processes of fission later may be sup- 
in hundreds of plants. plemented by the little-known proc- 
If you want to improve the economy esses of fusion, or solar energy. 

of your blast cleaning operations — Atomic power development will 


check Malleabrasive, take plenty of time and labor and 
money. The implied duty of U.S. 
researchers is to attempt to harness 
this wonderful new giant—a far 
greater resource than petroleum 
THE GLOBE STEEL ABRASIVE CO., MANSFIELD, OHIO 


Sold by Pangborn Corporation, and by leadin ; 
distributors of foundry supplies from coast to coast Artaur H. ALLEN 
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The Buyers Guide 
For Metals Engineers 


two thousand sat 
WILL TESTIFY YOU 


SAVE 3 WAYS 
WITH A LUCIFER FURNACE 


1—Save on First Cost 


CHECK THESE PRICES 
e Size 
6x 6x12" 
Sx 9x18" 
12x12x24” 
18x 18x36" 1500.00 
with 100% automatic 
electronic controls. 
2—Save on Man Hours 


Less operator attention needed—tLucifer controls 
are EXACT. They reach SPECIFIED heat rapidly 
and retain SPECIFIED temperature without varia- 
tion. No special experience required when you use 
a Lucifer Furnace. 


3—Save on Maintenance 

Finest refractory materials are built into Lucifer 

Furnaces for better, more efficient heat retention. 

Elements are guaranteed, long lived, trouble free. 
WRITE FOR FREE LITERATURE, specifications 
and price list of Lucifer Furnaces in wide poses 
of sizes—top loading and side loading 
aye advice without obligation. 

wire or phone toda 
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GOOD USED EQUIPMENT AT 
REAL SAVINGS TO YOU! 


FURNACE ENGINEERS, INC., CATENARY 


type furnace with venturi eductor system. 
Inside work dimensions 5°3” wide x 30° long 
x 3% high. Gas fired and complete. Like 
new condition. 


Cost $30,000. Our price $9900. 


® We Buy—Sell—Lease—Rent! 

® Specialists in Heat Treating—Melt- 
ing — Forging — Plating — Cleaning 
Equipment. 

® 3000 Furnaces 

® Modification to Your Specs. 

® Money Back Guarantee! 

* immediate Delivery! 

® 16,000 Sq. Ft. Heated Warehouse 

® Warehouses in Major Cities. 


PLEASE SEND YOUR REQUIREMENTS 
OR CALL COLLECT 


TOwnsend 8-8450 


METAL TREATING 


LIST NO. 142 ON INFO-COUPON PAGE 169 


THE INDUCTION MELTING 
FURNACE WITH 
PRECISION CONTROL 


Here is induction metal melting equipment 
ot its best! 


NEW FURNACE DESIGN .. . Sturdy, welded 
construction eliminates distortion and increases 
lining life. 


NEW COMPACT CONTROL . . . Totally en- 
closed ponels include built-in capacitor bonk, 
selector switches ond high frequency transformer. 
Compact design for efficient operation and ship- 
ped completely assembled. 


WATER COOLED LEADS . . . Introduced 
through trunion. No furnace pits necessory. Short- 
er leads meon more operating efficiency. 


SELECTOR SWITCHES . . . Mounted on lower 
front of control panel for maximum accessibility 
and minimum bus losses. You can change furnaces 
in o few seconds. 


For details, write for our Bulletin 70. 


CORPOR: 
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NST | 
| 
2300° 
$ 600.00 
850.00 
- 
| 
U S, INC. EQUIPMENT EXCHANGE “INC. fe) 
9825 GREELEY ROAD 
0411 DETROIT 11, MICHIGAN” | 


Upton 


OFFERS 


the most advanced 
Salt Bath Furnaces 


FOR .... 


with continuing 
graphite electrodes 


UPTON ELECTRIC FURNACE CO. 
30435 Groesbeck 
Roseville, Michigan 
Phone: Prescott 1-1200 


WIRETEX 
STEEL BASKET 


Specialists in 
Processing Carriers 
Since 1932. 
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5 Mason St., 


MOVES 5 TON LOAD 
of HEAVY CASTINGS 
FROM HEATING TO 
QUENCHING ... 


} 
} Eliminates Secondary Handling! 


Here is another example of WIRETEX 
pedite traffic . . . to save 
money, time and increase production. 
Made strong to carry loads up to 
10,000 Ibs. Versatile! It’s Big! 
if you have a material 
handling consult 


ing ity to 


Bridgeport 5, Conn. 
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FREE 


the QUENZINE STORY 


Low priced, more readily available carbon 
steels can often replace alloy steels when 
quenched in Beacon 

Quenching Oils with 

QUENZINE added. 

Por information on 

this new additive and 

other Beacon Brand 

Heat Treating Com- 

pounds write to.. 


ALDRIDGE 
INDUSTRIAL OILS, Inc. 


3401 W. 140th Cleveland 11, Ohile 
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IMMERSION 
HEATER 
for 


Your Every 
Heating Requirement 


+ @ INSTANT HEATING 
SHOCK-PROOF 


@ AVAILABLE IN ALL VOLTAGES 
—WATTAGES, 
ONE AND THREE PHASE 


Available from your 
Electroplating Distributor 


WRITE FOR BULLETIN > 


Gle-QUARTZ 


ELECTRIC HEATER CO., INC., Willoughby, Ohio 
*Reg U. S. Pat. Off Phone: Willoughby 2-552) 
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4817 W. CORTLAND ST. 
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Gipotation CHICAGO 39, ILLINOIS 


FOR 


THE COMPLETE 
STANWOOD 
CATALOG 
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EAT TREATING EQUIPMENT BASKETS TRAYS 
|_| FIXTURES RETORTS CARBURIZING BOXES FURNACE PARTS 
| 


FURNACES 


dyna 


FIRING 
MODEL] CHAMBER 
NO. (H.W.D.) 


P46 4/0" x6" 
P79 6" 
P9IB | 
P414 | 14x14" x14” 
PI24 | 
Peis | 18x18" x18" 
PI36 | 
Automatic Controls Avai 


MODEL P2472-1 


@ Infinite zone tem- @ Patented element 
perature control. holders. 

@ Zone tempercture in- @ infinite variety of 
dication by Pyrometer time-temperature 
Selector Switch. curves obtainable. 

@ Automatic hold and @ Rugged construction. 
cut-off instrument Highest quality insu- 
available. lation used 


P-79 


OVER 40 STANDARD MODELS * WRITE FOR LITERATURE 


INDUSTRIAL DIVISION 
MANUFACTURING CO, 


CHESTER 77, PA. 
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RUST: 


adesows” SYSTEM 


Grade "B" 
FERROUS 

METAL PROCESSING 
Eliminates . . . 

Rust 

Fire Hazards 

Toxicity 

Dermatitis 

Degreasing 
Write for free sample and 

Specify Grade 


ODUCTION SPECIALTIES, INC. 
755 BOYLSTON STREET = 
BOSTON 16, MASS 
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ROUND, SQUARE, FLAT AND 
HALF-ROUND WIRE FOR MASS 
PRODUCTION OF SMALL PARTS 

Beryllium Copper @  Bronzes 
Other Non-ferrous Alloys 
Rounded or square edges. 
Available with hot-tinned 

finish for solderability. 
Write for descriptive folder. 


UTTLE FALLS, ALLOYS 
193 Caldwell Ave., Paterson 1, N. J. 
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PRESSURE 


THE ULTIMATE 
LUBRICANT FOR 
EXTREME HEAT AND 
PRESSURE APPLICATIONS 


thas | 
Guolittes of temperatures 
sub-zete ood up te 

F. it versotile 
moinieaunce men of industrial 
should Be withewt 


with « 
city to prevent seizing oad 


ower 100,000 psi 


AMONG OF 


DUTSTAMDING AS A: 
RUMNING-IN LUBRICANT 
ACID RESISTANT 
LUBRICANT 
PRE-LUBRICANT 
IN ASSEMBLIES 
HEAT REDUCER 


We are so confident 
of ANTI-SEIZE's 


famous for the "MOLYLUBE”" Series 
LIST NO. 111 ON INFO-COUPON PAGE 169 


Mr. Buyer — 
LOOKING FOR USED EQUIPMENT? 


This new service on used heat 
treating equipment is com- 
pletely without obligation to 
you. To receive the latest avail- 
abilities just drop us a line 
requesting to be placed on our 
mailing list for a monthly di- 
gest. What are your produc- 
tion requirements? 


Mr. Seller — 
WITH EQUIPMENT 
TO SELL! 


Take advantage of the oppor- 
tunity to list useful, but no 
longer needed used heat treat- 
ing equipment. Send us details 
including manufacturer, type, 
size, Capacity, original and ask- 
ing price. Monthly digest will 
be mailed to all listed firms. 


ANOTHER HOLDEN SERVICE 


This free listing is yours at 
no cost. CHECK WITH 
HOLDEN FIRST. Proven 
MONEY MAK-ER PROD- 
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lable on all Models 
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HOT performance thet UCTS. 
we want you to 


SOLUTIONS TO YOUR 
METAL TREATING 
PROBLEMS!...- 


SWIFT BLACK 
NOT GRAY 


Activanium NOT FADED 
NOT MOTTLED 


7 Blended— BUT RICH, 
Positive UNIFORM 


blackening BLACK 
of every ferrous metal and 


alloy! 


SWIFT CASE 


Liquid Carburizer— 
For a tougher, more 
durable case! 


COMBATS... 


HEAT 
WEAR 
CORROSION 


CHROMALLIZING diffuses chromium into the 
surface of iron and steel parts, providing the cor- 
rosion resistance of stainless steel and the wear 
resistance of chromium carbides. CHROMALLOY 
Case cannot chip, peel or flake. 


Chromalloy Corporation is fully equipped for proc- 
essing large or small quantities of parts. Engineer- 
ing advisory service available. 


is 35% to 45%. 


CHROMIZING PROCESS | | 


CHROMALLOY CASE 


Photomicrograph shows dif- 
fusion structure of the : - 
CHROMALLOY Case. At the Lo 


surface the chromium content 
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hromalloy 


CORPORATION 


451 Tarrytown Road,White Plains, N.Y. 


Telephone White Plains 6-0020 


DO YOU HAVE AN IDEA... 


SWIFT HEAT 


Liquid Salt Baths — 
Temperature range 300° 
to 2500° F. 
decarburization ! 


RUST PREVENTATIVES 


Sol-u-Kote— 
An emulsifiable 
rust protective, effective 
even under 
humid conditions. 


THAT SOME FUNCTIONAL 
METAL PART COULD BE 
MADE BETTER OR CHEAPER 

BY ALUMINUM EXTRUDING? 
Bring your idea to specialists in 
adapting aluminum extrusions 
to new functional parts applica- 
tions. G.E.1.’s engineers are 
ready to consult with you, with- 
out obligation, on one part or 

a million. 


GENERAL EXTRUSIONS, INC. 
4040 LAKE PARK RD., YOUNGSTOWN, OHIO 
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BERYLLIUM 


New book contains papers and talks by 
39 experts. Subjects covered are: reduc- 
tion, processing and fabrication, proper- 
ties, the brittleness problem, metallog- 
raphy, corrosion, 


analytical chemistry of beryllium. 


Price—$8.00 


AMERICAN SOCIETY FOR METALS 


7301 Euclid Ave. 


Cleveland 3, Ohio 


METAL CLEANING 
PICKLING and 
PLATING COM- 
POUNDS 

Acid additives, brighteners, 
bright dips and chromate 
conversion coatings ! 


INDUSTRIA CHEMICAL CO. 


Canton, Connecticut 
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ON 


CORP 


Main Factories 
65 Harvard Avenue, Stamford, Conn. 


ORATION 


Engineering Data on MOLYKOTE lubricants 
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beryllium-rich alloys, 
cermets and ceramics, health hazards and 


= 
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12% Cr 
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FREE! TECHNICAL BULLETINS 

| 

“4 

literature and technical — S 


SONOGEN® 


Ultrasonic-Power Generators with hermetically- 
sealed barium-titanate Transducers — 40Kc /sec. 


Transducer Radiating Areas of “% sq. ft. to 10 
sq. ft. — for use in solvents and detergents. 


Eliminates hand operations — Reduces rejects 


in plating, finishing, assembly. 


For washing, degreasing, removal of buffing 
compounds, radioactive contamination, soldering 
\ — flux, plaster, carbon smut, etc. 


Typical Transducer Arrangements Literature upon request. 


METAL 
CLEANING 


or Latest Write to: 
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SCIENTIFIC PRECISION 


Technic, Inc. equips you with controlled 
apparatus and electroplating solutions to 
maintain exacting standards and close 
tolerances. Typical benefits are the spec- 
tacular economies Technic effects in han- 
dling gold — where often electroplaters 
lose up to $60,000 or more of every $100,- 
000 worth through outmoded equipment, 
inefficient methods and solutions. 


TECHNIC ENGINEERING 


Technic engineers design and install your 
equipment — and stand by until perform- 
ance is assured. No installation is complete 
without this follow-through. 


TECHNIC PRODUCTS 


Technic Potassium Gold Cyanides, Concen- 
trated Aqueous & Dry * Technic Electro- 
plating Solutions: Rhodium, Platinum & 
Palladium * Technic Immersion Tin * 
Technic Protectox Anti-Tarnish * Technic 
Flame Flux 


TECHNIC EQUIPMENT 
Technic Electroplating Systems * Technic 
Germanium Diode Rectifiers ¢ Technic Tur- 
bomatic Agitators * Technic Electroplating 


BASKETS 


for ALL Industrial Uses 


@ Degreasing @ Anodizing 
@ Pickling @ Plating 
@ Heat Treating 
@ Heavy Industrial Types 


ANY SIZE AND SHAPE « ANY DUCTILE METAL 
Ask for Bulletin 28 


tHEc.o. JELLIFF 
MANUFACTURING CORP. 
SOUTHPORT * CONNECTICUT 


be 
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Barrel Unit ¢ Automatic Techni Timers 


TECHNIC BIBLIOGRAPHY 


Technic publications, authoritative in our 
field: “Electroplated Gold”; “Precious 
Metal Electroplating Data: Gold, Rhodium, 
Palladium, Platinum, Silver, Nickel’; 
“Electroplated Platinum”; “Electroplated 
Palladium”; “Electroplated Rhodium”; 
“Analysis of Gold & Gold Alloy Solutions”. 


Consult us without obligation, whether in 
respect to a new installation and electroplat- 
ing solutions, or an existing system now in 
use. Write for Technic publications in your 
field of interest. 


TECHNIC ING. 
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ULTRASONIC CLEANING TECHNIC 
| 
LIST NO. 81 ON INFO-COUPON PAGE 169 
ORIGINATORS 
DI: PHASE! Res 
& OF SPECIALIZED METAL CLEANING 


NEW pocket size 


ELCOMETER 


Measures Non-Magnetic Coatings 
with + 5% + .0001” Accuracy 


ELCOMETER measures thickness of porcelain 
enamel, paints, platings, foils, glass, paper, 
plastics, and other non-magnetic coatings 
quickly and accurately. Gauges flat or curved 
surfaces and hard-to-get-at spots easily. 
Needle locking device assures correct read- 
ing every time. Complete with tough leather 
case containing inner pocket for test strips. 
Weighs only 6 oz. Completely self-contained. 
Retail price: $68.00 F. O. B, Cleveland. 


WRITE FOR ILLUSTRATED FOLDER 


FERRO CORPORATION 
4150 East 56th Street 
Cleveland 5, Ohio 
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WRITE, WIRE or PHONE 
FOR YOUR CATALOG. 


heads 


‘Sran STAINLESS SCREW CO. 
= 


647 Union Bivd., Paterson 2, N. J. 


Telephone: Little Falls 4-2300 
Direct NEW YORK phone WI7-904! 


CORROSION 
RESISTANT 
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Accurate test specimens machined from sheet and piate 
materiais .0005 to .500 in., in tess than 3 min. 


SIEBURG INDUSTRIES, INC. 


Horse Plain Rd. . New Britain, Conn. 
LIST NO. 131 ON INFO-COUPON PAGE 169 


GET A BID FROM 


HOOVER 


SPECIALISTS IN THE FIELD OF 


Die Castings 
SINCE 1922 
Aluminum and Zinc 


THE HOOVER COMPANY 
Die Castings Division 
North Canton, Ohio 


LIST NO. 74 ON INFO-COUPON PAGE 169 


ENGINEERING ALLOYS 
by N. E. Woldman 

This up-to-the-minute book 
lists over 19,000 alloys by trade 
name and gives their properties, 
compositions and typical appli- 
cations. All important commer- 
cial alloys are shown. 

1056 pages of valuable infor- 
and 
tables of manufacturers and the 


mation, generous index 


trade names of their products. 
Price, $15.00 


AMERICAN SOCIETY FOR METALS 
7301 Euclid Ave. Cleveland 3 


Sel- Rex 


Metals Division 
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FOR INDUSTRIAL APPLICATIONS 


Developed specifically for industrial application, Sel-Rex Pre- 
cious Metals offer many advantages over conventional proc- 
esses. One gram of Sel-Rex BRIGHT GOLD, for example, does 
the job of 2 grams of regular 24 K. gold, because the deposits 
are more dense and twice as hard. Gives mirror bright finish 
directly from the bath, regardless of thickness requirements — 
Mle eliminates costly scratch brushing, buffing and burnishing. 


Sel-Rex BRIGHT RHODIUM meets the need of today’s 
precise engineering applications with A. S. C.— Automatic 


AN Connectors 
by AMPHENOL 


Stress Compensation — a special technique which counteracts 
the high stress characteristics of conventional precious metal 


electroplates. Non dusting Sel-Rex Silver SOL-U-SALT is 


with Sel-Rex. 


added directly to the plating bath, eliminating time consuming 
filtering or mixing — a cost cutting advantage exclusive 
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WRITE FOR DETAILS 


DYELINE INSPECTION PROCESS uso. 


- Dyeline—oa new two-stage inspection 
process for all non-porous materials. 
No skilled operator or expensive ZIP RUST STOPPER +1 
equipment necessary! Just spray 
Dyeline, follow with Dyeline Detect- 
or, and the exact location, type and 
extent of defects oppeor shorply and 
clearly on an opaque background! 
No solvent required—woter removes 
Dyeline immediately. 


ZACO — 


1360 W 9th Cleveland 13, Ohio 


ZIP SPEED LACQUER — 
Identifies all materials 
with o quick color-coding 
process. 


Protects metal parts for 
storage. 

ZIP RUST STOPPER +2 
Protects ports left in 
machinery for turther 
Processing; removes fin- 
gerprints. 

ZIP PATTERN LAYOUT 
FLUID—Shows up scribed 
patterns strongly. 

ZIP STENCIL INK—OQuick 
drying—excellent on car- 
tons and metals. 

ZIP BELT LUBE—Prolongs 
belt life; promotes safety 
and speed. 


SOLVED with 
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HARDNESS TESTING 
SHORE SCLEROSCOPE 


Pioneer American 
Standard Since 
1907 


Available in Model C-2 
(illustrated), or Model 
D dial indicating with 
equivalent Brinell & 
Rockwell C Hardness 
Numbers. May be used 
freehand or mounted on 
bench clamp. 


OVER 40,000 
IN USE 


SHORE INSTRUMENT & MFG. CO., INC. 
90-35M Van Wyck Exp., Jamaica 35, N.Y. 
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Applies 1 to 10,000 gram loads 
Write for Bulletin 


Kent Cliff Laboratories Div. 


The Torsion Balance Company 


CLIFTON NEW JERSEY 
LIST NO. 53 ON INFO-COUPON PAGE 169 
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Determines the initial, basic stiff- 
ness or resilience of sheet ond 
wire specimens, including cellophone 
and metal foil. Eight test ranges pro- 
vide wide application, up to 100X. Test 
length, angle of deflection, rate of lood- 
ing all standordized for accurate results 
between laboratories. Scole calibrated 
in gram centimeters. 


TABER 
Lon 


TESTER 


Tests weor 
resistance of 
metal, plastic, point, 
rubber, leather, paper, foil, etc. With 
average technical experience, anyone 
can make o scientific, comparative abra- 
sion resistance test with this instrument. 


Write for Illustrated Literature. 


LIST NO. 109 ON INFO-COUPON PAGE 169 


MAGNETIC ANALYSIS 
MULTI-METHOD EQUIPMENT 


Electronic Equipment for non-destruc- 


tive producti ction of steel bars, 
wire rod, and tubing for mechanical 
faults, varicti in positi and 


physical properties. Average inspection 
speed 120 ft. per minute. 

Over 80 installations in steel mills 
and fabricating plants. 


MAGNETIC ANALYSIS 
SPECIAL EQUIPMENT 


Electronic Equipment for non-destruc- 
tive production inspection of both non- 
magnetic stainless and high temperature 
steel bars and tubing—seomiess or 
welded—as well as non-ferrous bars and 
tubing. Mechanical faults, variations in 
composition and physical properties are 
detected simultaneously. Average 
inspection speed 200 ft. per minute. 

Over 30 installations in mills and 
fabricating plants. 


MAGNETIC ANALYSIS 
COMPARATORS AND METAL TESTERS 


Electronic Instruments for production 
sorting both ferrous and non-ferrous 
materials and ports for variation in 
composition, structure and thickness of 
sheet and plating. 


MAGNETIC ANALYSIS 
DEMAGNETIZERS 

Electrical Equipment for rapid and 
efficient demagnetizing of steel bars 
and tubing. When used with Magnetic 
Analysis Multi-Method Equipment, in- 
spection and demagnetizing can be 
done in a single 


MAGNETIC ANALYSIS 
MAGNETISM DETECTORS 


ve ket meters for indi- 
cating ‘residual magnetism in ferrous 
materials and parts. 


For Details Write: 


MAGNETIC ANALYSIS CORP. 


42-44 Twelfth St., Long Island City 1, N. Y 
“THE TEST TELLS” 


LIST NO. 51 ON INFO-COUPON PAGE 16 
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the GRIES 
MICRO-REFLEX 


HARDNESS TESTER 


Loads: 10 to 3000 gram 
with CARL ZEISS Optical System 


ing... 


Coated, Straightened 
© Cut © Coiled and Spooled 


Measurements: to 0.0001 
mm... . Observations on 
Ground Glass . . . Pro- 
jection: to 0.001 mm... . 
Many Unique, Very 
portant Features. 


INVESTIGATE! 
Write for Bulletin 
No. A-16 


North Randall 23 


Automatic Weldi 
All Analyses 


Phone: MOntro 


A PROVEN 
GRIES. INDUSTRIES, INC. DEPENDABLE SOURCE 


hines Divist 


CASTINGS IN FERROUS AND 
LIST NO. 135 ON INFO-COUPON PAGE 169 NON-FERROUS METALS 


-INVAR 
CASTING 
— Special Feature 
: — Nickel content 
THE NE held to 35% min- 
imum — 36% 
DERMITRON 


21830 Miles Avenue 


MAUR ATH, INC. © 


STAINLESS STEEL PART for milk 
bottling unit formerly machined 
from solid stock. 
NON-DESTRUCTIVE Only finish oper- 
ations required 
COATING THICKNESS TESTER 
dia. of counter- 
bored hole and 
drilling and tap- 
ping for set screw. 


ACCURATE 
PORTABLE 
COMPACT LIST NO. 4 ON INFO-COUPON PAGE 169 
DIRECT-READING 
@ For Metals on Metals 
@ Non-Conductors on Metals 


@ Metals on Non-Conductors A CABLE SPLICED 
You can now have 100% inspection of IN 10 SECONDS! 


production of nearly any possible coating 
on almost any base—including the first and 
only accurate, direct readings of such com- 
binations as zinc, cadmium, copper on 
steel; silver on brass; copper on zinc; ano- 
dizing on aluminum; organic coatings on 
non-ferrous metals — without the use of 
chemicals. 


WRITE FOR FULL INFORMATION 


UNIT PROCESS 
RICO PRODUCTS, INC. 
ASSEMBLIES, INC. 
2070 E. Gist Place, Cleveland 3, Ohio 
Write for Caddy Catalog 
LIST NO. 139 ON INFO-COUPON PAGE 169 LIST NO. 71 ON INFO-COUPON PAGE 169 
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in providing the correct— 
Stainless and Heat Resistant Arc Welding Electrodes 


—place a trusted guarantee back of your welding operations. 


de... His years of experience and leadership 


Ask the Man Who KNOWS Stainless Welding... 


‘ . : 
= 
PRECISION CA 
FAST 
| 
a 
if 4 [-} 
‘er 
4 
LIST NO. 72 ON INFO-COUPON PAGE 169 
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BLACKENING 


FABRICATED 


EQUIPMENT 
Hairpin Hooks Sheet Crates 
Steam Jets Chain 
¢ Mechanical Bar, Tube and Coil Picklers 


THE YOUNGSTOWN WELDING & ENGINEERING i 


372! CAKWOOD AVE. YOUNGSTOWN, O 


To get the finest black finish 
on copper and all its alloys, 
including Duronze, Everdur, 
high zinc brass, beryllium and 
silicon bronzes, take advan- 
tage of the features of: 


LIST NO. 94 ON INFO-COUPON BELOW. 


QUEQUS SYSTEM 
Grade “C-W-25" 


Non- flammable 
Non-toxic 

Aqueous Oily Film 
Protects Ferrous Parts 
for long Periods 
Indoor Storage 


Write for free sample and brochure 
Specify Grade *'C-W-25"' 


+ No acid pickle or bright dip. 

@ No dimensional changes or 
surface damage. 

@ No acid drag-in. Assures 
stabilized blackening bath 
throughout longer life — more 
economical. 


Write for full details. Du-Lite Cu-Prep 
is made and guaranteed exclusively 
by the metal finishing specialists: 


u-Lite | 


SHAPES 


Reduce your assembly problems and costs. 
Our 


ly wm 
degree of accuracy, from ferrous 
ferrous metals. Write for Catalog No. 1083. 


RODUCTION SPECIALTIES, INC. 
755 BOYLSTON STREET 
BOSTON 16, 


LIST NO. 121 ON INFO-COUPON BELOW, 


AHO PLANT 


3750 OAKWOOD AVE. + YOUNGSTOWN, OHIO 
LIST NO. 101 ON INFO-COUPON BELOW, 


(DU-LITE CHE N 5. CONN 


LIST NO. 103 ON INFO-COUPON BELOW, 


WHITELIGHT 


your comprehensive independent 
mill source of magnesium alloy 
Tubes Rods Shapes Bars 
Hollow Extrusions Plate Sheet 
Pipe Wire © Welded and 
Riveted structures and assemblies 


READERS’ INFO-COUPON SERVICE, METAL PROGRESS 
7301 Euclid Avenue, Cleveland 3, Ohio 


Please send further information, as checked at the right, on the advertisements in the 
Bulletin Board with numbers | have listed below— 


Send Catalog 
or Engineer- 


(Bulletin Board Item Number) 


WHITE METAL ROLLING 


& STAMPING CORP. 
82 Moultrie St., Brooklyn 22, N. Y. 


Sales Office 
376 Lafayette St., New York 3, N. Y. 


LIST NO. 67 ON INFO-COUPON TO RIGHT. 
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a unique opportunity 


To meet the growing need for trained scientists in 
nuclear power, the Carnegie Institute of Technology 
and the Westinghouse Electric Corporation in coopera- 
tion with the Atomic Energy Commission have de- 
veloped an educational program that permits carefully 
selected graduates with bachelor or master degrees to 
earn Doctor of Philosophy degrees in the field of 
metallurgical engineering. 

This unique opportunity allows those chosen to re- 
ceive a regular salary while pursuing a shortened work 
week and an eight hour or longer academic week. This 
schedule will normally enable each candidate to com- 
plete the doctorate course work within a four year 
period, as well as attend campus seminars and coloquia. 
During the summer school sessions he will begin pre- 
liminary investigation and research on his thesis topic. 
An unusual aspect of the program provides that during 
the course of the fellowship, the doctoral candidate 


170 


creative young 


will have a year of educational leave with a realistic 
living allowance, based upon the size of his family, 
to complete his doctoral thesis research requirements. 
The fellowship is designed under normal circumstances 
to allow the student to complete the rigorous doctoral 
requirements of the Carnegie Institute of Technology 
in a five to six year period. 

While working at Bettis Plant, operated for the 
Atomic Energy Commission by Westinghouse, he will be 
associated with the scientists and engineers who pio- 
neered in the field of atomic power with the first prac- 
tical application of a nuclear power plant for the USS 
Nautilus. Other projects on which the young metal- 
lurgist may work include the atomic power station at 
Shippingport, Pennsylvania, the first full scale com- 
mercial generating facility to be built in this country; 
or the design and development of nuclear reactors for 
additional submarines and various types of surface ships. 


METAL PROGRESS 
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Donor Hall, Carnegie Institute of Technology Campus 


metallurgical engineers 


In addition to these projects, Westinghouse metallur- 
gists are conducting basic research in areas such as The reactor core for the Shippingport 
solid phase transformation, corrosion kinetics and mech- 

anisms and the effects of irradiation on metals. At the 

Carnegie Institute of Technology, the fellowship recipi- 

ent will develop an individual course of study to com- 

plete his doctoral program which may or may not be 

related to his area of work interest. Furthermore, 


he will be eligible for salary increases and professional 
advancement just as if he were working full time. BETTI S PLANT 
If you are under twenty-seven years of age, deducting 
time spent in military service, and have a Bachelor of * 
Science or Master of Science degree with an outstanding \ Vestin Ouse 
academic record, and if you are a U.S. citizen interested 
in advanced study, write today for a descriptive 
brochure which outlines the details of the program. 


Write to Mr. M. J. Downey, Dept. A-135, Westing- P.O. BOX 1468, PITTSBURGH 30, PENNSYLVANIA 
house Bettis Plant, P.O. Box 1468, Pittsburgh 30, Pa. 
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exciting new game: 


PUT your products in the barrel 
TAKE your profits out 


One of the greatest money-saving opportunities in metal- 
working lies in the use of barrels to finish parts by the 
hundreds in place of conventional methods that finish 
one part at a time. 


Barrel finishing makes easy work of many tough jobs of 


grinding, deburring and buffing by wheel. 


One Oakite customer changed to barrel methods to de- 
burr curved stainless steel strips that are 14 inches long. 


The cost for deburring 20,000 strips was reduced from 
$3,000 to $125.00. 


FREE For a copy of 


“Precision Barrel Finishing” 
—containing valuable infor- 
mation on cutting down, 
deburring, descaling, and 
burnishing—write to Oakite 
Products, Inc., 26H Rector 
Street, New York 6, N. Y. 


PRECISION 
BARREL 
FINISHING 


Cukite Materials for 


Export Division 
Cable Address: Ookite 


Technical Service Representatives in Principal Cities of U.S. and Canada 


Fabrication of 
Thorium Powders 


Digest of “Fabrication of 
Thorium Powders”, by W. W. 
Beaver, K. G. Wikle and J. G. 
Klein, Journal of Metals, Vol. 8, 
April 1956, p. 445-454. 


T= POSSIBLE VALUE of thorium in 

the field of nuclear power through 
the transformation of to U233, 
which is a_ fissionable element, 
affords a potential use far in excess 
of its present limited applications in 
alloys and in electron emissivity 
devices. 

The authors discuss the methods 
of recovering thorium metal through 
calcium reduction of the oxide and of 
the chloride, and by electrolysis. ' 
Conversion of metal chips or turn- 
ings of the hydride is also feasible 
as a means of forming particles 
which can be converted to metal. 
The hot filament method is also 
applicable to thorium. 

A variety of forms of thorium were 

prepared for study. They included 
castings, chips, ground powder, 
hydrided powder, calcium-reduced 
powder, and electrolytic flake. Ex- 
cept for the commercial hydrided | 
powder, all were about 98% thorium, 
and the hydrided powder was 95 to | 
96% thorium. Calcium was less 
than 0.01% except for about 0.05% in 
the calcium reduced powder. Beryl- 
lium and iron were below a few 
hundredths, while carbon ranged 
from 0.05 to 0.2%. Thorium oxide 
ranged from 1 to 2%, except in 
calcium-reduced powder and elec- 
trolytic flake where it was 0.2%. 
In particle size, there were several 
fractions. Saw chips varied between 
10 and 100 mesh; attritioned chips 
were from 35 to 200 mesh; com- 
mercial hydrided and calcium re- 
duced powders were below 325 
mesh; electrolytic flakes were from 
35 to 200 mesh; and experimental 
hydrided powders varied from 35 
to 250 mesh. 

At approximately 30,000 psi. com- 
pacting pressure, the hydrided pow- 
ders compacted more densely. The 
fine calcium-reduced powder, which 
compacted well at pressures to 
180,000 psi., was matched only by 
the 35-mesh chips. The electrolytic 
flakes compacted best of all at all 
pressures. 

Sintering served to densify the 
fine fractions to a high degree, and 
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IN ELECTRICWARE, TOO, 


e@ There are so many advantages 
to stainless electricwore it’s no 
surprise that sales are skyrocketing. 
Homemakers like the natural beauty 
of stainless — the woy it easily 
absorbs the punishment of everydoy 
use ond stays forever new 

with a minimum of care. 

@ Sharon’s thorough knowledge of 
the utensil industry, the ability 

fo produce specification steels of 
consistent uniformity, plus the finest 
finishes in the industry are reasons 
why so many of the nation’s leading 
electricware manufacturers specify 


Sharon Quality Stainless Steels. 


For 56 Years 
a Quality Name 


in Steel 


SHARON STEEL CORPORATION, SHARON, PENNA. 


CHICAGO, CINCINNATI, CLEVELAND, DAYTON, DETROIT, GRAND RAPIDS, INDIANAPOLIS, LOS ANGELES, MILWAUKEE, NEW YORK, PHILADELPHIA, ROCHESTER, SAN FRANCISCO, SHARON, MONTREAL, TORONTO 
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MEETING DESIGN NEEDS 


AT LOWER COST 


BRASS POWDER 


PINION STOCK 
showing scrap loss 


—_ 


PRODUCING 
THIS 
GEAR 


This gear was formerly machined from pinion stock, 
involving turning, drilling, cut-off, milling and wire 
brushing operations. Total cost was 74¢ per gear. As a 
brass sintering the gear is now pressed into finished 
shape and size in one operation—plus the addition of 
flats to the pinion head—at a cost of 5.8¢ per gear— 


A SAVING OF 68¢ IN THE COST OF MANUFACTURE. 


How Can BRASS AND NICKEL SILVER 
POWDER PARTS Meet Your Design Needs? 


—_— For detailed information on the design, 

properties, production and application 
of brass and other nonferrous powder 
parts you should have a copy of our 
manual. It will give you 20 case his- 
tories of brass and nickel silver powder 
structural parts to assist in evaluating 
this means of production in terms of 
your particular needs. 


4SEND FOR YOUR COPY 


yi) THE NEW JERSEY ZINC COMPANY 
wotront street New York 38, N.Y. 


Thorium Powders . . . 


hot pressing did likewise. Sintering 
temperatures of 2200 to 2550° F. 
served for densification with erratic 
results above that range. Extru- 
sion at low temperatures using re- 
duction ratios as low as 2:1 densified 
most of the sintered and hot pressed 
compacts to maximum. The com- 
mercial hydrided powder was the 
only type that could not be extruded. 
The authors favor the vacuum hot 
pressing process as giving powder of 
more uniform properties than were 
obtained with cold pressing. Also, 
there is more latitude in the choice of 
metals for the pressing dies. 

The authors conclude that the 
techniques of powder metallurgy 
offer distinct economic possibilities 
for both primary and secondary 
thorium powders. 

LincoLn T. Work 


Corrosion of Cast Iron 


Digest of “The Corrosion of 
Cast Iron”, by R. I. Higgins, 
Journal of Research and Devel- 
opment, British Cast Iron Re- 
search Assoc., Vol. 6, February 
1956, p. 165-177. 


ORROSION RATES are most con- 

veniently measured in terms of 
the depth of penetration below the 
original metal surface per unit of 
time, and expressed as mils (0.001 
in.) per year. Many factors other 
than the composition of the metal 
and of the reacting liquid affect the 
rate, some of them being tempera- 
ture, aeration, velocity of the liquid, 
and abrasion. 

The corrosion resistance of un- 
alloyed cast iron generally depends 
more on the soundness of the casting 
than on any feature of the composi- 
tion or microstructure. Gray iron 
corroding in water usually becomes 
covered with a rust held in place 
by graphite, phosphide and carbon- 
aceous residue from pearlite. With 
white irons this surface residue is 
more dense and tenacious. 

Unalloyed cast iron is corroded 
rapidly, at rates often over 1 in. per 
yr., by HCl or other dilute mineral 
acids stronger than 0.001 N (0.001 
g. equivalent per liter). But since 
FeSO, is insoluble in H,SO, of over 
65% concentration at room tempera- 
ture, the corrosion rate in such acid 
is down to 5 mils per yr. At tem- 
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FREE ENTERPRISE 
IN 24 NATIONS UNITED... 


on Choice of Yoder Millis 
for Pipe and Tube Manufacture 


It all started less than two decades ago 
with the introduction by Yoder—and the 
rapid adoption by American industry— 
of a revolutionary new type of mills for 
cold forming and electric-resistance 
welding of pipe and tubing. England, 
France, Italy, Mexico, Argentina, and 
Brazil soon followed the U.S.A. in adopt- 
ing Yoder mills. Most other countries 
which boast any kind of modern metal 
working industry also invested in one 
or more Yoder mills, including distant 
Japan, India, and South Africa. Produc- 
tion, depending on requirements, varies 
from 25,000 up to 75,000 feet per 
8-hour shift. 


By this time, England, Italy and 
Argentina each have a total of ten Yoder 
mills in operation; Brazil, eight; Mexico, 
six; France, five; other countries some- 
what in proportion to their population. 
In many nations, Yoder mills now supply 


from 50% to 90% of all the welded 
tubes used. 


The geographical distance which sepa- 
rates Yoder from many of these countries 
has proved much less a handicap than 
might be supposed. Reasons: the sim- 
plicity of design, ease of operation and 
dependability of Yoder mills. Secondly, 
generous assistance rendered by Yoder 
in training operators everywhere. In 
fact, several outstanding production 
records have been scored by operators in 
foreign countries, most recently in Italy. 


Through technological advances, Yoder 
leadership in tube mill design has been 
jealously preserved and strengthened 
from year to year. Ask for literature giv- 
ing details of the latest improvements. 
Correspondence invited. 


THE YODER COMPANY 
5595 Walworth Ave., Cleveland 2, Ohio, U.S.A. 


AND TUBE MILLS—Electric Weld 


ROTARY SLITTING LINES 
COLD ROLL FORMING MACHINES 
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Convert multi-piece assemblies 


into single units... made of 
Malleable Iron 


You can improve design, 
reduce production cost, 
simplify handling. 


5 pieces replaced 1 
Cost reduced 66% 


Here is a typical example of how Malleable Foundry engineers 
have helped manufacturers to improve parts and entire products 
by switching to Malleable. The experience of our Society’s members 
covers hundreds more, with varying case histories that repeat and 
repeat these basic gains: 


1. One-piece construction. 

2. Appearance greatly improved. 

3. More easily machined into final part. 
4. Cost reduced. 


. .. all made possible by the inherent qualities of Malleable Iron 
—toughness, ductility, machinability, and ultimate tensile strength 
to suit the need. 


How about 


Whether you are designing new 
products or parts, or reviewing present 
production—keep Malleable Castings 
in mind. It’s the ideal material for 
economy and quality in manufactur- 
ing. Write to Malleable Founders’ 
Society for copies of ‘‘Malleable Iron 
Facts.” 


Consult your Malleable Engineer 
at the drawing board stage 


1800 Union Commerce Building 
176 


Cleveland 14, Ohio 


Corrosion . . . 


peratures above 85° F., however, 
corrosion is more rapid. Concen- 
trated HPO, containing As, and a 
mixture of 60% HNO, plus 10% 
H,So,, can also be held safely in 
cast iron, but not strong HNO,, pure 
H;PO,, or most organic acids. 

The corrosion rate of cast iron in 
alkali solution below 70% in concen- 
tration at temperatures below 175° 
F. is under 8 mils per yr., but in 
stronger boiling solutions it may be 
100 mils per yr. Molten NaOH may 
attack cast iron as fast as 800 mils 
per yr., but cast iron pots are often 
used for fused NaOH nevertheless. 

Solutions of salts that hydrolyze to 
produce acid, such as AIC}, Al,- 
(SO,);, CaCl,, FeCl,, CuCl, cor- 
rode cast iron rapidly especially if 
aerated. Chromates, nitrites, ni- 
trates and permanganates in neutral 
solutions may, however, prevent cor- 
rosion of cast iron. Although am- 
monium salts are more corrosive than 
alkali salts, free ammonia reduces the 
corrosion rate. 

The rate of corrosion in pure sea 
water is about 10 mils per yr., and 
in most fresh water the corrosion is 
usually slower. In the atmosphere, 
even with SO, pollution at 70% 
humidity, the corrosion rate is usu- 
ally less than 5 mils per yr. so that 
exposed castings need not be paint- 
ed. Well-drained open soils are not 
corrosive to cast iron, but in heavy 
wet clay pitting may occur at rates 
up to 40 mils per yr. High electrical 
conductivity of the soil generally 
indicates corrosivity. 

Low alloy additions in general 
do not have much effect on the cor- 
rosion resistance of cast iron, but 3 
to 5% Ni improves the resistance to 
alkalis, and 0.5 to 1% Cu may help 
in resisting slightly acid waters or 
crude oil containing sulphur. 

The iron called Ni-Resist contains 
20 or 22% Ni or Ni plus Cu, and is 
attacked very slowly by 20% H,SO, 
below 70° F. At higher tempera- 
tures or concentrations the attack by 
dilute H,SO, is rapid. Ni-Resist 
also resists 1% HCl up to 70° F., but 
not strong HCl or HNO;. In 50% 
H,PO, at 70° F. the corrosion rate 
is only 5 mils per yr. In dilute or- 
ganic acids the corrosion rates are 
slower than for unalloyed iron; for 
example, corrosion rates are only 
10 to 30 mils per yr. in fatty acid 


METAL PROGRESS 


| 
| | 
| | | 
| 
Malleable ? 
Aa 
A — 
FrOUNDERS4 


Would pitch-impregnated 
nipples save us money? 


Let’s call Great Lakes 
Carbon — they've always 
been helpful, and they're 
good people to work with! 


ELECTRODE 


DIVISION 
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tough jobs 
in 
investment 
casting 

90 to 


Arwood! 


“Tough” Investment Casting jobs are the rule at ARWOOD, 
not the exception. 


Intricate shapes, unusual contours, fine detail, metals and 
alloys difficult or impossible to machine, rigid quality control 
specifications, unyielding performance requirements... Add 
them all together and they total a “tough” job. 


Expert research, design and development staffs, multi-plant 
tooling, casting and finish-machining facilities, Government- 
approved heat treating and inspection equipment, 54 field 
engineers in 20 major industrial centers . . . Add them all 
together and they total ARWOOD quality, reliability and 
know-how. More than a match for any “tough” job. Do 
YOU have one to try us out on? 


ARWOOD PRECISION CASTING CORP. 
819 West 44th Street ¢ New York 36, New York 
-“Pioneers in Investment Casting” 

Plants: Brooklyn, N. Y., Groton, Conn., Tilton, N. H., Los Angeles, Calif. 


Corrosion . . . 


stills at 445° F. instead of 200 to 
800 mils per yr. for gray iron. 

Alkalis attack Ni-Resist more 
slowly than plain iron, the rate for 
70% concentration at the boiling 
point being not over 8 mils per yr., 
and for fused NaOH, 260 mils. 

In most cold neutral salt solutions 
Ni-Resist has five times the resistance 
of ordinary cast iron. Dilute citrate, 
thiocyanate and hypochlorite solu- 
tions can sometimes be handled with- 
out excessive corrosion in Ni-Resist, 
but not in plain iron. In slightly 
salty or acid waters at high velocity, 
Ni-Resist is less corrosive than plain 
cast iron. 

Cast iron containing 14.5% or more 
Si is hard and brittle like stoneware, 
and on exposure to H,SO,, HNO, 
or HPO, iron is removed from the 
surface and a protective SiO, coat- 
ing is formed. In boiling H,SO, 
the maximum corosion rate is 10 
mils per yr. at 30% concentration; in 
boiling HNO, it is 40 mils per yr. 
at 3%, decreasing to 4 mils per yr. 
at 50%; in cold H,PO, the maximum 
rate is 5 mils per yr., but on boiling 
the attack will be serious. HCl at- 
tacks this type of iron more rapidly, 
the rate exceeding 5 mils per yr. in 
1% acid above 175° F., and in 40% 
acid above 32° F. With Si in the 
iron raised to 18% or with 3% Mo 
added, the rate can be held to 5 
mils per yr. in 40% acid at 70° F. 

High-silicon iron resists organic 
acids very well, but is no better than 
ordinary cast iron in HF, H,SOs, or 
alkalis. In acid salt solutions the 
corrosion depends on the type of 
acid formed by hydrolysis. 

The best high-chromium cast iron, 
containing about 30% Cr, 1.2% C, and 
1 to 3% Si, under oxidizing condi- 
tions is well protected from corro- 
sion. Its corrosion rate in boiling 
HNO, is less than 5 mils per yr. for 
concentrations up to 70%, but with 
high concentrations the rate is much 
faster. In H,PO, the corrosion rate 
is not over 5 mils per yr. for con- 
centrations up to 60% at tempera- 
tures up to boiling, and for 85% 
acid at 175° F. 

In acetic acid of all strengths and 
temperatures the rate of corrosion of 
high-chromium iron is below 5 mils 
per yr. This is true also of 10% 
formic acid at 70° F., 100% formic 
acid at all temperatures up to boil- 
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EVERYTHING IS THERE, WHEN YOU 


USE AGF AUTOMATIC FURNACES 


The loader, automatic measured feed, con- 
trolled atmosphere, proper heating cycle, 
the automatic quench . . . even the auto- 
matic tempering oven is available to help 
you produce the highest quality heat 
treated product at lowest cost. 


Inventors and original manufacturers of 
most basic types of heat treating furnaces 
used in product and parts manufacturing 
industries today, AGF “PIONEER” furnace 
builders are able to furnish the answers that 
will provide you with a “trouble-free” heat 
treating installation. 


The latest production furnace, only recently 
introduced is the Model 240 illustrated 


above. Numerous complete installations 


have been made in plants wishing to “clean- _ 
up” and bring new efficiency to their heat 
treating departments. One such installation 
is that of Lamson & Sessions in Kent, Ohio, 
illustrated above. 


Size doesn't matter because AGF has many 
standard sizes and models. There is one 
to suit your need, whether you heat treat 
10 or 800 Ibs. of work per hour. AGF 
builds a complete line of heat treating fur- 
naces to suit the smallest or the largest 
industrial demands. 


MAIL COUPON — CUT OR TEAR ON RULED LINE 


My name 

My Compeny 

Company Street No. 

We want to heat treet... 


An AGF factory trained Engineer or Metal- 
lurgist will call on you and recommend 
proper equipment for your use at no 
obligation. 


You'll get an honest recommendation from 
a fully qualified source backed by more 


than 78 years of reputable experience. Fill 
in and mail the coupon now. 


American Gas Furnace Co. 


1002 LAFAYETTE STREET, 


ELIZABETH N. J, 


Please have your Engineer call (J Please send catalog () 


Title 


C) We are sending samples of our parts for your recommenda- 
tion of proper heat treating equipment at no obligation, 


aa 


Federated Aluminum Alloys 
always conform to published 
Performance Specifications 


If you have had reason to doubt the performance capacity of 
certain aluminum alloys, it will pay you to consult Federated before 
you re-design or substitute another metal. 

Often the performance requirements of a part indicate that a 
certain aluminum alloy will do the job; yet in operation, the part 
fails. Costly re-design or a more expensive metal are usually relied 
upon to rectify the trouble. 

All aluminum alloys should provide the characteristics set for 
them in published specifications. At Federated’s three aluminum 
plants, rigid quality control insures that production ingot adheres 
exactly to specified content. Impurities are held at or below the 
minimum allowable percentage. 

Every heat of every Federated aluminum alloy is tested ex- 
haustively. Refining, alloying and testing techniques are under the 
supervision of ASARCO’s Central Research Laboratory, where scien- 
tists can control metal impurities to parts per million, if required. 

A Federated field man will be around to see you soon. Spend 
some time with him. It will benefit you. 


Division of 


AMERICAN SMELTING AND REFINING COMPANY 


120 Broadway + New York 5, N.Y. 
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Corrosion . . . 


ing, boiling 1.5% lactic acid, and 28% 
citric acid at 212° F. In alkalis, 
however, corrosion is more rapid 
than that of plain cast iron. Sul- 
phite liquors are resisted well; also 
solutions of CaCl,, ZnCl,, Al,.- 
(SO,), (cold only), (NH,).SO,, 
and NH,NO,. Aerated sea water, 
mine waters, and many industrial 
acid waters do not corrode high- 
chromium iron, and it remains free 
from rust in the atmosphere when 
polished, or even as cast if its car- 
bon content is below 2%. 
Greorce F. Comstock 


Liquid Metal 
Heat Transfer 


Digest of “Review of Experi- 
mental Investigations of Liquid- 
Metal Heat Transfer”, by B. 
Lubarsky and J. S. Kaufman, 
National Advisory Committee 
for Aeronautics, T. N. 3336, 
March 1955, 115 p. 


[TEREST in the use of liquid metals 

as heat transfer media is becom- 
ing increasingly widespread. As a 
result, various investigators have 
conducted a number of theoretical 
and experimental investigations with 
regard to the heat transfer charac- 
teristics of liquid metals. When the 
Lewis Laboratory of the N.A.C.A. 
became interested in the problem, 
it was found that the results of dif- 
ferent investigations were not always 
comparable due to differences in 
experimental conditions or methods 
of calculation. Typical of the dif- 
ferences were: 

1. Liquid metal physical proper- 
ties were used which differed from 
the currently accepted values. 

2. Centerline temperatures, rather 
than mixed-mean temperatures, were 
used. 

3. Some experiments were con- 
ducted with uniform heat input to 
the test section wall while other 
experiments approached constant 
wall temperatures. 

4. Some investigators measured 
local fully developed heat-transfer 
coefficients while others measured 
average over-all coefficients. 

Because of the number of differ- 
ences in experimental approaches 
and the resulting differences in 
results, Lubarsky and Kaufman re- 


METAL PROGRESS 


ae 
~ 
3 
|_| 


3eamless 


aluminum tube has 


: features that make 


BETTER APPLIANCES GOST LESs! 


Here's how United Aluminum 
Tube saves you money, builds 
a better product for faster 
sales: 
@ Precision tolerances mean 
- more footage per pound 
Supplied with good, clean 
finish, for use plain... or 
easily adaptable to color 
@ Adherence to specifications 
on any size order, cut to 
length...ends cut square 
@ Fast delivery...when you 
want it, as you need it 
 It’s-wise to specify and buy 
United...the best...the quality 
name in Seamless Drawn 
Aijuminum Tube. 


PROVIDENCE 7, RHODE ISLAND 


COPPER, BRASS ANO ALUMINUM AND 7 


VISIT BOOTH 305, AWS WELDING SHOW, APRIL 9—11, 1957, CONVENTION HALL, PHILADELPHIA, PA, 


MARCH 1957 


| 
\ 

1 
| 
_, 
= 
| 
181 


A new and better iron B-261—is 
finding new friends for Plastic Metals. Fabricators 
are discovering that compacts produced from B-261 
offer improved tensile, hardness and elongation 
properties which have not been obtainable even 
with more costly copper-iron mixes. 


PLAST-IRON Grade B-261 is just one of a large 
family of pampered powders produced by Plastic 
Metals, America’s oldest commercial producer of 
iron powders. They’re pampered by premixing, 
blending and balancing under rigid manufacturing 
controls in the most modern processing and pack- 
aging equipment available. 


We will be glad to pamper a premix to your speci- 


fications, in lots as large as 24,000 pounds or more 
of a single mix. 


ELECTROLYTIC AND REDUCED IRON POWDERS 
Also nickel, steel and alloy powders— 
for 
— fabrication of fine machine parts, 
cutting and scarfing of alloy steels, 
manufacture of welding rods. 


Tell us about your fabricating problems. We may 
have a premix precisely compounded to solve them. 
Write: 


General Sales Office 
342 Madison Avenue, New York 17, New York ~ 


District Offices 
Chicago— Johnstown, Pa.—Los Angeles 


See us at Booth 470, Western Metal Exposition, Los Angeles, California, March 25-29 


Liquid Metal . . . 


evaluated the experimental data 
from 26 different investigations, 
using consistent assumptions and 
methods to permit better compari- 
son of the experimental results and 
better comparison with theory. In 
this re-evaluation, all physical prop- 
erties of liquid metals were taken 
from the second edition of the 
Liquid-Metals Handbook. 

Even after re-evaluation, the ex- 
perimental data for the Nusselt num- 
ber for fully developed turbulent 
flow were found to have considerable 
spread. Most of the data were lower 
than predicted by theory. An em- 
pirical equation which best repre- 
sents the heat transfer data for fully 
developed turbulent flow is 

Nu = 0.625 Pe®-4 
where Nu and Pe are the Nusselt 
and Peclet numbers, respectively. 

From this re-evaluation, it was 
possible to draw the following addi- 
tional conclusions: 

1. The experimental results gen- 
erally give higher values for heat 
transfer in the entrance region than 
predicted by theory. 

2. The small amount of data 
on temperature distribution is in 
disagreement with theoretical pre- 
dictions, with the discrepancy in- 
creasing as the Reynolds number 
decreases. 

3. Experimental evidence is too 
limited to permit any conclusion 
with regard to liquid metal heat 
transfer characteristics in the laminar 
and transition flow regions. 

C. O. SmirH 


Titanium Carbide 
Produced by Infiltration 


Digest of “Titanium-Carbide 
Products by the Infiltration 
Technique”, by Leonard P. Skol- 
nick and Claus G. Goetzel, 
A.S.T.M. Special Publication 
No. 174, 1956, p. 103-109. 


EW METAL-BONDED titanium car- 
bide materials prepared by in- 
filtration techniques have higher im- 
pact strengths than the conventional 
cemented carbides when tested 
either at room or elevated tempera- 
ture. In addition these materials 
possess excellent stress-rupture prop- 
erties. For example, at 1800° F. 
and 15,000 psi. some of them have 
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forfabricators) 
j 
PLASTIC MED TALS) 
National-U.S. Radiator Corporation 
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As stainless sheets are received, 
they’re sprayed with rubberized 
coating for protection of fine fin- 
ish during production operations. 
The layout department marks the 
sheets for cutting, and they are 
sent to this 12-foot power shear 
for straight line cuts. 


in the 
CRUCIBLE 
STAINLESS 


means dependable 
results 


Brake forming, shearing, joining and polishing operations ; 

all keep on schedule when Crucible stainless is used. Its Sections are joined by continuous heliarc welding; then ground 
structural soundness and metallurgical uniformity insures and given a final polish. 

consistent, dependable results with any conventional fabri- 

cation technique. 


Here’s how an experienced fabricator— 
Peters and Company, Inc., Dorchester 
(Neponset), Mass.—uses stainless . . . 


The result is gl ing stainless equipment, of high strength, and 
permanent good looks. This is the all-stainless kitchen of the 
Corner House Restaurant, on the New York State Thruway, ot 
Port Byron. 


When your job calls for stainless see your nearby 

Punch presses, like this 50-ton job, perform necessary notching and Crucible representative. He'll furnish full data, and 
irregular cutting. Sheets are then forwarded to large press brakes, make quick delivery of the best stainless grades for 
equipped with dies for forming sheets to required shape. your application. Crucible Steel Company of America, 
The Oliver Building, Mellon Square, Pittsburgh 22, Pa. 


(CRUCIBLE! first name in special purpose steels 


Crucible Steel Company of America 


Canadian Distributor — Railway & Power Engineering Corp., Ltd. 
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Cr, Hf, Ir, Mo, Nb, Os, Pd, 
Pt, Re, Ta, Ti, V, W, Zr 


\ 

/ 


Get pure vacuum melts of these metals 
in minutes! 


The Heraeus Vacuum Arc Melting 
Furnace Mode! VA-L200C, small- 
est of a line of Heraeus Furnaces 
sold by CEC. 


This Roots pump maintains low, 
vapor-free pressures. A motor 
operating within the vacuum drives 
its rotary frictionless pistons. 


With this new Heraeus Arc MeJting Vac- 
uum Furnace, the VA-L200C, you can get 
vacuum melts in “‘buttons’’ or ingots. 

You can get them of Titanium, Zir- 
conium, Tungsten, and other metals or 
alloys with high melting temperatures. 
You can get them fast and pure. 


Super-fast mechanical pump—A Roots 
mechanical vacuum pump pulls pressures 
in the furnace down to § x 104mm Hg— 
fast. 


Its throughput of 10,400 micron CFM 
at 10 microns easily handles sudden gas 
bursts encountered with certain metals. 


No oil contamination— The Roots pump’s 
frictionless rotary pistons require no oil 
sealing. There can be no contamination 
from backstreaming vapors in the system. 


No crucible contamination—The Heracus 
furnace has a water-cooled, copper cruci- 
ble which cannot contaminate the melt. 


Fixed or consumable electrodes — You 
may use either fixed electrodes of tungsten 
or metallic carbides, or consumable elec- 
trodes of the metal you are melting. 


This Heraeus furnace has many other 
features valuable in laboratory or small- 
scale production, including exceptional 
economy —operating either under vacuum 
or with an inert gas atmosphere. 

Heraeus of Hanau, Germany, has li- 
censed CEC as exclusive agent for Heracus 
Arc Furnaces (and Roots Pumps) in 
this country. Complete details in our 
Bulletins P8-20 and P4-28. 


Consolidated Electrodynamics 
Rochester Division, Rochester 3, N. Y. 


formerly Consolidated Vacuum 


NATIONWIDE COMPANY-OWNED SALES AND SERVICE OFFICES 


Titanium Carbide . . . 


a stress-rupture life more than 1000 
times that of X-40 which is one of 
the best of the conventional cast 
alloys for high-temperature service. 
The materials are made by press- 
ing titanium carbide powder at low 
pressures, sintering, and then in- 
filtrating the voids with a high- 
strength, ductile, heat and corrosion 
resisting superalloy. This produces 
a fine isolated carbide phase in a 
continuous network of metal and 
provides improved toughness. 
Impact strengths of cast X-40, 
cemented carbides, and infiltrated 
carbides are compared in the table. 
Tests were made in a “micro- 
Charpy” machine on unnotched bars, 
0.187 in. square and 1.5 in. long. 
Figures represent in-lb. of energy 
absorbed in fracturing. It shows 
that infiltrated carbides have better 
impact strength than cemented car- 
bides but are inferior to cast X-40, 
a metallic alloy. This deficiency 
may be overcome if the correlation 
between impact strength and micro- 
structure can be determined. Con- 
trol of the structure may be the 
route toward improved toughness. 


70 °F. 


X-40, as cast 40-50 
aged 30-40 
Cemented with Ni 
Ti(Cb,Ta)C| 4.1-5.1 
Ti (Cr)C 1.8-3.0 
Cemented with Ni-Mo 
Ti(Cb,Ta)C| 1.5-2.8 
Infiltrated TiC 
No. TC-66-1 | 5.6-8.3 
No SCA-100 | 10.5-14.5 | 17.5-23.5 


MATERIAL 


The infiltration process has several 
basic advantages: 

1. Low pressures can be used in 
the compacting dies. Complex 
shapes can be pressed, otherwise 
impossible with carbide powders. 
Low pressure also reduces die wear. 

2. Infiltration can be done in a 
variety of ways dependent upon the 
type and density of the carbide skele- 
ton and the infiltrant composition. 

3. Close dimensional tolerances 
and excellent surface finishes can be 
achieved. 

In the opinion of Messrs. Skolnick 
and Goetzel, the future of infiltrated 
titanium carbides looks very prom- 
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Hard-To-Melt Bronzes Successfully Handled 


AJAX INDUCTION FURNACES 


Brass and bronze foundries all over the country have found AJAX-TAMA-WYATT induction furnaces 
a reliable tool for melting silicon bronzes, aluminum bronzes, leaded bronzes, phosphor bronzes, and 
other high strength alloys. Operation is highly economical due to the good uniformity of the alloys, 
low ratio of rejects, drastic reduction of metal losses, and clean operating conditions. This recent 
development opens the field for the use of AJAX induction furnaces in all foundries where difficult-to- 
melt alloys are handled. 


WESTERN 
METAL SHOW 
BOOTH NO. 330 


(Photograph courtesy of Long Beach Press-Telegram, Long Beach, Calif.) 


The furnace pictured here is melting aluminum This unit is rated 100 kw. Note also the clean, 
bronze at the Torrance Brass Foundry, Torrance, Cal., smokeless operation as shown in the unretouched 
operating at a temperature of 2400 F, for the pro- photograph. 

duction of high strength centrifugal castings. 


Western Representative: A. W. Nash, 1221 S. Atlantic Blvd., Los Angeles 22, California 
AJAX ENGINEERING CORP., TRENTON 7, N. J. 


MELTING FURNACE 


Q 3 AJAX ELECTRO METALLURGICAL CORP., aod Associated Companies 
AJAX ELECTROTHERMIC CORP... Ajax-Northrup High Frequency induction Furnaces 
AJAX ELECTRIC CO., The Ajaz-Hultgren Electric Salt Bath Furnace 
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for Quantity Production 


“NEOR” is the original—and still finest—Oil Hardening, Non-Deforming High- 
Carbon, High-Chrome Tool Steel. Hardened ‘““NEOR’”’ withstands»240,000 p.s.i. 
and has not been tested to destruction. Correctly heat-treated, it will not deform or 
shrink. “NEOR’S” high resistance to abrasion makes it first choice for production 
in high quantities. Call on your Darwin sales engineer for cost-saving results with 


“NEOR” on: Brass Finishing and Burnishing Tools . . 


Grinder Centers . . 
Mandrels . . . Press Tools .. . 
Reamers and Broaches . . . Rolls. . . 
Spinning Tools . . . Taps. 


Gauges... 


. Bushings ... Dies... 


Courtesy of Cleveland Form Tool & Die Co. 


PRACTICAL RESULTS FROM “NEOR” USERS 


Lamination or Notching Dies—New 
York firm blanking one quarter hard cold 
rolled chrome strip (1.25% C, 2% Cr.), 
0.015” thick reports increases per grind . . ; 
“NEOR”: 60,000—127,000; High Speed 
Steel: 30,000; Carbon Steel: 7,000. 
Coining Press Dies—Detroit automobile 
manufacturer coin pressed 205,000 in first 
grind—16,000 with other dies. 

Drawing Dies—Chicago manufacturer of 
automotive devices produced 20,000 per 


grind—previous best 400 to 800 (half hour 
run). Operation was drawing cold rolled 
strip steel (0.40-0.50 C) and .109” and 
0.083” thick. 

Trimming Dies — Philadelphia concern 
trimming semi-hot steel balls found 
“NEOR” die operated 25 hours—previous 
best 4 hours. 

Slitting Cutters—-Chicago can manufac- 
turer ran “NEOR” cutters 7 days without 
regrind—others lasted 1 day. 


Complete line of highest grade Tool Steels, including PRK-33, DARWIN No. 1, NEOR, MINEOR, OHT, 
“MT6”" and various grades of Hot Work Specialty Steels. Furnished in Bar Stock, Billet and Sand 


Casting, Drill Rod, Flat Ground Stock and Tool Bits. 


Bulletin on Request. 


DARWIN & MILNER Inc. 


highest grade tool steels 
* CLEVELAND 14, OHIO. 


FIRST AVENUE 


2345 ST. CLAIR AVENUE 


. 1610 W. 


. COLUMBUS, OHIO 


REPRESENTED BY 
ZIV STEEL & WIRE CO., CHICAGO + DETROIT + ST. LOUIS + INDIANAPOLIS + TOLEDO + MILWAUKEE 
* MG. OPP COMPANY, NEW YORK CITY + PECK STEEL & DIE SUPPLY COMPANY, LOS ANGELES + 
CHARLES ©. WEBSTER, PLAINVILLE, CONNECTICUT + CHARLES W. BRINGMAN, ORLANDO, FLORIDA 


Titanium Carbide . . . 


ising. Most molten alloys can be 
used as infiltrants; thus many grades 
of carbides can be formulated with 
interesting new properties. Com- 
ponents can be constructed by metal- 
lically bonding a pure metal to an 
infiltrated carbide. From results 
obtained to date, infiltrated titanium 
carbides may prove to be excellent 
materials for use at temperatures 


above 1600° F. 


Vacuum Remelting 
of Superalloys 


Digest of “Vacuum Remelting 
of Superalloys by the Consum- 
able Electrode Process”, by W. 
W. Dyrkacz, Steel Horizons, 
Vol. 17, No. 4, 1955, p. 1-4. 
nickel-base and iron- 

base superalloys, hardened by 
additions of aluminum and titanium, 
were developed before and during 
the Korean War. Three alloys with 
relatively low strategic alloy con- 
tent, the nickel-base alloys known 
as M-252 and Waspaloy and the 
iron-base alloy A-286, exhibited 
creep and stress-rupture strengths 
which were higher than the other 
materials then in use. ‘This resulted 
in their being adopted commercially 
for turbine wheels, turbine blades, 
and high-temperature structural 
components. 

These alloys could not be melted 
in air by conventional methods be- 
cause their aluminum (1.3% max.) 
and titanium (2.5% max.) content 
resulted in poor cleanliness and 
workability which in turn caused 
numerous production problems. In- 
duction vacuum melting proved to 
be one solution to these problems 
and this method was generally 
adopted. Another approach to the 
problem was vacuum melting uti- 
lizing the consumable electrode 
process. 

The consumable electrode process 
is a double melting one. It utilizes 
electrodes which were cast from an 
electric furnace air melt of pre- 
determined composition. These 
electrodes are then arc melted under 
vacuum in a water-cooled copper 
crucible to form ingots. The Alle- 
gheny Ludlum Steel Corp. is pres- 
ently investigating this method and 
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It costs much less 


to outfit your lab copy! 


The proof is a matter of simple arithmetic. For example, 


for as little as $646.95 — often the cost of a single : METALLURGICAL POLARIZING BRIG 
microscope alone — you may purchase four UNITRON 
TEREOSCOPIC 


microscopes and a photomicrography set. Shown here is 
a small selection of the many UNITRON models available. 


PHASE PHOTOMICRO 


UNITRON POLARIZING — Model MPS 
For the study and identification of material structure and 
characteristics. Revolving, centerable, graduated stage. 
Individually centerable objectives. Bertrand Lens for exomi- 
nation of interference figures. Coarse and fine focusing. 
Substage cond ~2¢ tion plates. Strain-free ob- 
jectives: 4X, 10X, 40x. Ryeplecen: Crosshair 5X and 10X, P15X. 


UNITRON METALLURGICAL — Models MMU, MMA 


MMU: for metals and opaque specimens and also transparent 
specimens under both ordinary and polarized light. Vertical, 

blique and tr itted illumination. Transformer housed in 
microscope base. Focusable stage, polarizing apparatus and 
filters. Objectives: 5X, 10X, 40X, 100X. Eyepieces: P5X, 
PIOX, K15X. 


MMA: a simplified version of MMU, 25 — 600X. 


UNITRON PHASE CONTRAST — Models MPE, MPEA 
MPE: Indispensable for the study of living cells and other 
highly transparent material. Continuous transition from phase 
to bright-field microscopy by adjusting cond height. 
Choice of 4 contrasts. Mechanical stage. Three phase 
objectives: P1OX, P40X, PIOOX. Eyepieces: 5X, 10X, P15X. 


MPEA: a simplified version of MPE, 20 — 600X. 


UNITRON PHOTOMICROGRAPHY SET — Model ACA 


Duplicates the performance of costly apparatus. Mounting 
brackets adjust to accommodate your present camera (35 mm., 
No. 120, No. 127, etc.). Viewing telescope permits all adjust- 
ments to be made while camera is in place and allows 
continuous observation of the specimen, even during time 
exposures. 


UNITRON STEREOSCOPIC — Models MSH, MSL 
MSH: for inspection, dissecting and other applications re- 
quiring a wide-field, 3-D view with great depth of focus. 
Inclined binocular head with distance and diopter adjustments. 
Revolving nosepiece. Choice of 3 objectives among 1X, 2X, 
3X, 6X. Eyepieces: 8X, 12X, 15X. Models with both high and 
low stands. 


MSL: single-magnification stereo with vertical binoculars. 


These well known users are ameng the hundreds that 
and re-ordered — UMITRON Microscopes. There must be 


FREE 10 DAY TRIAL 
on any UNITRON MICROSCOPE... 
Let the instrument prove its value to you in your 


own laboratory, before you decide to purchase. 180 Corp. General Sled Co. 


Horverd University Nat'l Bureay of Sianderds Uni 
General Moters Corp. Parks, Dowls & Co Olin 


Chemical Co. 
Brown University 
Arthur D. Little Co. 


UNI ] RON TRUMENT DIVISION. 

204-206 MILK STREET + BOSTON 9, mogsetuusmian 
Please send me your complete catalog on UNITRON Microscopes. 


THIS COMPLETE CATALOG 
ON UNITRON MICROSCOPES 
iS YOURS FOR THE ASKING 


This colorful catalog gives complete 

specifications on the many UNITRON pees _ 

models available. Send for your free City na 
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Want Higher Furnace 


Production ?.... 


MODERNIZE WITH HARPER HIGH 
TEMPERATURE MESH BELT FURNACES 


If you need up to 50% greater continuous 
furnace capacity without increasing space; 
and if your operating temperature range 
is 1800°-2100°F, a modern Harper Mesh 
Belt Furnace may well be the answer to 
your requirements. 


These compact continuous furnaces are 
designed to utilize fully the advantages of 
silicon carbide heating elements* and 
today’s high temperature oxidation-resist- 
ing alloy mesh belts. 


Silicon carbide resistance heating ele- 
ments allow high concentration of heat in 
a small space, thereby providing consider- 
ably greater production than furnaces of 
similar size using ordinary nickel alloy 
elements. Silicon carbide elements are 
also replaceable without complete furnace 
shutdown. 


Two more important advantages of 
Harper Mesh Belt Furnaces are: 


1. Heat — 
Heating elements are connected in 


Harper 135 KW, 16” Mesh 
Belt Furnace in use brazing 
600 pieces per hour of a 
power-steering reservoir. 
Temperature 2100°F. 


several individually - powered and 
controlled zones for maximum flexi- 
bility of the heating curve. 


. Propuct UNirormiry — Furnace 
design based on many years of 
experience plus properly applied 
control instrumentation means uni- 
form product day after day. 


There are many more plus values. These 
economical furnaces are designed for 
operation with all types of standard 
atmospheres. An automatic non-loading 
belt take-up mechanism adjusts belt ten- 
sion without reducing useful belt loading. 
A small water-cooling chamber next to 
the hot zone can be readily removed for 
maintenance or replacement due to rapid 
oxidation. 


Harper Mesh Belt Furnaces are available 
with or without alloy muffles. Matching 
preheat furnaces are also obtainable. For 
full information write for Bulletin 454 
to Harper Electric Furnace Corporation, 
40 River Street, Buffalo 2, New York. 


* Nickel alloy elements available for lower temperature applications. 


. « Visit Booth No. 224 at the Western Metal Exposition . . 


HARPER 


ELECTRIC FURNACES 


For Continuous Brazing, Sintering, Wire Annealing, Bright Annealing, 
Annealing, Forging and Research 


Vacuum Remelting . . . 


to date they have produced ingots 
up to 12 in. diameter and weighing 
1000 Ib. from the nickel-base super- 
alloys, and up to 20 in. diameter and 
5000 Ib. from the iron-base alloy. 

The superalloys produced by the 
consumable electrode vacuum proc- 
ess have been subjected to exhaus- 
tive tests. The results show that 
the process greatly improves the 
cleanliness, resulting in improved 
hot and cold workability. Further- 
more, it reduces segregation in large 
billets and ingots of A-286. This is 
particularly important when fabri- 
cating gas turbine wheels which 
require high tensile ductilities in the 
center portion. This ductility is 
dependent upon the cleanliness and 
segregation of the center section of 
the large billets from which the 
wheels are made. The process also 
improved the hot tensile ductility, 
stress-rupture and hot fatigue 
strength of M-252 and A-286. 

A comparison was made of super- 
alloys prepared by conventional air 
melting methods and consumable 
electrode vacuum melting. Con- 
sumable electrode vacuum melting 
materials are superior in six respects: 
(a) greater cleanliness, (b) lower 
gas content (60 to 94% lower), 
(c) little or no segregation in large 
ingots or billets (d) more homoge- 
neous composition, (e) improved 
workability and (f) improved high- 
temperature mechanical properties. 

Percent decrease in gas content as 
compared to conventional air melt- 
ing is as follows: 

WaspaLLoy M-252 A-286 
89% 79% 
60 62 
75 93 

Another comparison of superalloys 
prepared by the consumable elec- 
trode process and the induction vac- 
uum process failed to reveal any 
marked differences. Both methods 
produce a high-quality product but 
the adoption of either method should 
be based on the properties required 
in the end product and the econom- 
ics involved. If ultra-high-purity 
materials are desired, it may be nec- 
essary to use both methods, casting 
the electrodes from an induction vac- 
uum melt and remelting by the 
consumable electrode process. Both 
processes are still being studied. 

B. Trock 
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still the winner 


...and in high speed steels, 
nothing beats REX 


The winner and still champion after fifty years is 
Crucible’s REX high speed steel. And now it’s better 
than ever! Recent improvements in manufacturing 
processes have given even higher quality and greater 
uniformity to every one of its properties. 

Why not shop test the new REX yourself? Test it 
for size, structure, response to heat treatment, fine 
tool performance. Give it any test you wish. You'll 
see why it is today, as it has always been — the stand- 
ard by which all other high speed steels are compared. 

Ask for REX by name at your local Crucible ware- 
house. Or order it directly for prompt mill delivery. 
And for information on REX, and the other Crucible 
special purpose steels, send for the Crucible Publica- 
tion Catalog. Crucible Steel Company of America, Tise 
Oliver Building, Mellon Square, Pittsburgh 22, Pa. 


[CR C LE first name in special purpose steels 


Crucible Steel Company of America 
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CONTINENTAL 
Serves Industry Everywhere 


ComPLETE PLANTS designed, constructed, and equipped as an 
integrated unit for efficient and economical production. 


CONTINENTAL 
Tomorrow's Designs Today 


SPECIAL EQUIPMENT industrial furnaces, ovens, gas genera- 
tors, and dryers—all fuels—field or shop erected. 


PRODUCTION LINES tailored to individual needs requiring mini- 
mum labor for maximum output. 


CONTINENTAL 


30 Years’ Extensive Experience 
insures prompt service in — and production by ex- 
perienced engineers who know industry's problems. Our 
numerous sales and service centers keep in constant touch 
throughout all phases of the work. 


Write for Booklet No. 135 


This booklet covers the scope of 
CONTINENTAL Service. It is well 
illustrated with views of CONTI- 
NENTAL installations with descrip- 
tions of the equipment and the 
processes performed. 
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Embrittlement of 
Tungsten by Ammonia 


Digest of “The Embrittlement 
of Tungsten by Ammonia”, by 
G. L. Davis, Metallurgia, Vol. 54, 
July 1956, p. 18-20. 


UNGSTEN oxidizes rapidly at tem- 

peratures above 1100° F., so it 
is processed and used at higher 
temperatures either in a vacuum or 
in protective atmospheres of inert 
or reducing gases. Pure nitrogen or 
hydrogen atmospheres are satisfac- 
tory but it is generally advantageous 
to use mixtures of the two gases. If 
the mixture of these gases contains 
traces of impurities such as oxygen, 
water vapor or carbon-containing 
gases, the heated tungsten wire will 
be severely embrittled. 

During an investigation into brittle 
wires, it was discovered that small 
concentrations of ammonia gas 
could have a disastrous effect on 
the toughness of tungsten wires 
heated in a mixture of 90% nitrogen 
and 10% hydrogen. In view of the 
prevalence of nitrogen-hydrogen 
mixtures obtained from dissociated 
ammonia, it was considered that the 
subject warranted some study. 

For the tests, a sample of com- 
mercial tungsten wire, 250 in 
diameter, was used. It was heated 
by alternating current in a mixture 
of nitrogen with 10% hydrogen at 
atmospheric pressure. Ammonia 
was added to the mixture in con- 
trolled amounts. The embrittling 
effect was measured in terms of loss 
of tensile strength as measured on 
a standard wire testing machine. 

At a constant temperature of 
2190° F. and a constant time of 
treatment of 10 min., the tensile 
strength decreased with increasing 
ammonia concentrations. A graph 
of tensile strength versus the loga- 
rithm of ammonia concentration 
gave a straight-line relationship. 
When the embrittled wires were re- 
treated at the same temperature and 
time in nitrogen-hydrogen atmos- 
phere free from ammonia, brittle- 
ness was almost completely removed. 

At a constant ammonia concen- 
tration of 0.2% by volume and a con- 
stant heating time of 10 min., em- 
brittlement was found to occur over 
the range from 1100 to 3800° F., 
the maximum effect being in the 
region from 1450 to 1800° F. 

Specimens of wire preheated at 
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2, SPE CIAL‘IST—One who devotes him- 


self to some special branch of activity. 


At Northwest our “special branch of activity” is 
solving your cleaning problems. 


Behind your friendly, competent Northwest Sales Engineer stands a 
Remember — YOUR COST PER FIN- reputation for providing industry with low-cost, analytically-correct, 


ISHED ARTICLE IS THE TRUE COST job-adjusted chemical cleaners. 
OF YOUR CLEANER. mye 
Northwest's production-tested chemical From Northwest's years of experience in formulating the RIGHT 


and “Right the first time” recommendo- cleaner for your specific needs have come such developments as 
tions will Save you money. Northwest the LO-HI pH PROCESS—for cleaning prior to plating, painting, or 
os doce your phone. vitreous enameling; ALKALUME PROCESS -—for preparing aluminum 
and magnesium for finishing and spot welding; INTERLOX PROCESS 
-for phosphate coating; SPRA-LUBE—to control over-spray of “‘to- 
é day's” paints in water wash paint booths; PAINT STRIPPERS— 
specific to your needs; SUPER-DRAW & FLUID FILM—for draw- 

ing metals. 
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Embrittlement . . . 


3600 and 4350° F., which produce 
complete primary and secondary re- 
crystallization respectively, were 
heated in atmospheres containing 
0.2% ammonia gas. The pretreat- 
ment at 3600° F. generally reduced 
the intensity of embrittlement. The 
pretreatment at 4350° F. com- 
pletely prevented embrittlement by 
ammonia. 

At a constant concentration of 
0.2% by volume of ammonia and a 
temperature of 2200° F., there was 
a straight-line relationship between 
Ey loss in strength and the logarithm 

‘Ty 3 of time, the loss in strength increas- 


3 ing with time. When wires were 
My, 


heated in pure active nitrogen and 
hydrogen, no embrittling effect was 
observed. 


SS es Wires were polished electrolytic- 
ally before treatment in ammonia to 

| iL ascertain whether the reaction was 
WI For ou associated with the clean metal sur- 

| | y iis face or with surface contaminants 


. such as oxides and graphite. The 

Quality Control embrittling action was almost com- 

~~ J pletely eliminated by this treatment. 

Ss Polished wires which were locally 

SS oxidized and treated in the presence 

means of ammonia vapor became brittle. 

A control wire treated in the same 

. pn way but with the atmosphere free 
from ammonia was not embrittled. 

@ LONGER Wires treated in ammonia so that 

TOOL LIFE they became brittle had their duc- 

tility restored by electrolytically 

@ ACCURATE SIZE polishing the surface. 

X-ray diffraction examination of 

the embrittled wires showed no dis- 

PRODUCTION tortion of the tungsten lattice, but a 

MORE PROFIT second phase resembling a nitride 


of tungsten was present. Microscopic 


BARS SHAPES 7 TO you! examination indicated no second 


phase or change in microstructure 


SECTIONS of the test samples, and the frac- 


oe a tures of embrittled specimens were 


transcrystalline. 
CARGON ALLOV The following conclusions seem 
justified: 
1. The embrittling action seems 
. = to be due to reaction with ammonia 
rather than the preducts of its dis- 


WYCKOFF STEEL COMPANY sociation, and is associated with the 


presence of nitride as an insoluble 
General Offices: Gateway Center, Pittsburgh 30, Pa. phase. 


Branch Offices in Principal Cities 2. The reaction seems to involve 

Works: Ambridge, Pa. - Chicago, Ill. - Newark, N. J. + Putnam, Conn. diffusion of some agent into the 
metal from the surface. 

3. Either the reaction is initiated 

(or catalyzed) by oxide on the sur- 

face or the extent of the effect is 


Y//// 


\ — 
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STRIP >. 
ANNEALING 

FURNACE 
LINE 


This furnace has an installed electrical input in 
heating and soaking zones of 3000 KW for a rated 
production of 37,000 Ibs/hour on .0099”’ x 33” wide 
strip running at 550 FPM. 

Furnace equipment is designed to handle strip 
in thicknesses from .0075” to .020” in widths vary- 
ing from 19” to 38’. 

HNX atmosphere gas is used to purge the fur- 
nace. 


RED LION ROAD and PHILMONT AVE., 
BETHAYRES, PA. 


inalerge Canadian steel plant | al 
DR 
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SPERRY REFLECTOSCOPE 
OWNERS SPEAK 
FOR THEMSELVES! 


‘“‘ALCOA uses 18 Ultrasonic Reflectoscopes 


g ALCOA = —to help the aircraft industry avoid failures 


and save costly man-hours of machining.”’ 


‘*... the introduction of the Ultrasonic Re- 
flectoscope in this industry is another indi- 

ANACON pA cation of ANACONDA'S leadership in quality 
control in the field of copper and copper 
alioys.’’ 


Te M.W. KELLOGG company ‘Ultrasonic testing is a successful and low- 
cost method of putting a finger on possible in- 
jurious defects with startling accuracy. Its 
usefulness is well documented.”’ 


These are only a few of the important metals producers who find the Sperry 
Ultrasonic Reflectoscope a completely reliable . . . economical . . . easy-to-use 
testing method that protects their products against hidden flaws and saves 
them time and money. To learn how important the Reflectoscope is to their 
operations, send for a free copy of our booklet, “‘REFLECTOSCOPE OWNERS 
SPEAK For THEMSELVES.” It contains reprints of their own advertisements 
which detail How and Why the Sperry Ultrasonic Reflectoscope is so valuable 
to them. 


To keep posted on latest developments in the profitable 
use of ultrasonic inspection, send for your free copy Sar onnr 


of our Ultrasonic Inspection News Letter. Write to: 


503 Shelter Rock Road Danbury, Connecticut 


FIRST IN ULTRASONIC INSPECTION | 


Embrittlement . . . 


strongly dependent on surface area. 

4. The effect is not apparent with 
specimens which have undergone 
coarsening by secondary recrystal- 
lization. 

5. Since the embrittlement is re- 
moved by dissolving off a dispropor- 
tionately small quantity from the 
surface, this defective surface mate- 
rial must act as a source of ready 
initiation of cracks which then prop- 
agate through the unaffected interior 
of the specimen. Tungsten is, in 
fact, very notch sensitive. 

From a practical point of view, it 
is imperative that traces of ammonia 
be excluded from atmospheres in 
which tungsten is heated, although 
the effects can be mitigated by cer- 
tain pre or post treatments, 

G. W. Brock 


Graphitization Rates 
in White Iron 


Digest of “First Stage Graph- 
itization in Iron-Carbon-Silicon 
Alloys”, by W. S. Owen and J. 
Wilcock, Journal of the Iron and 
Steel Institute, Vol. 182, January 
1956, p. 38-43. 


HE NUCLEATION and rate of 

growth of graphite at tempera- 
tures from 1630 to 1830° F. was in- 
vestigated in a pure white iron con- 
taining only 3.38% carbon and 1.13% 
silicon; the effects of manganese and 
sulphur on this reaction were thus 
eliminated. The annealing was car- 
ried out in the vacuum chamber of 
the dilatometer so that there was a 
direct correspondence between the 
dilatometric and microscopic results. 

When white irons are heated for 
a longer time than is required to 
remove all cementite, the total num- 
ber of graphite nodules per unit 
volume decreases progressively with 
time. Starting with a mixture of 
saturated austenite and cementite, 
it is obvious that several processes 
are taking placé simultaneously: 

1. Initial nucleation of graphite in 
fine particles in saturated austenite. 

2. Solution of carbon from cemen- 
tite into the depleted austenite at 
the austenite-cementite interface. 

3. Growth of nodules in size with 
time. 
4, When all cementite has disap- 
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PLATING 
BARREL 


MAINTENANCE 


‘MAXIMUM VERSATILITY 
tons, otates 


Check how these H-VW-M features | 
bring you greater economy. 


Belt-driven cylinder offers total submersion in all barrel 


plating solutions. Shows up to 16% savings over gear- 


driven unit. All plating plants, and particu- 


Standard V-cogged belts—replacements from any belt larly job plating shops, will do 
supplier at nominal price of approximately $6.50. more profitable plating with any 
Belt replacement contrasted to gear replacement offers one of the twelve new Mercil-type 


simplicity, speed and lower replacement parts cost. belt driven barrels. Get more pro- 
duction from your present tanks 


—cut maintenance time to a mini- 
mum-—save on all belt. replace- 
ments. 

Motor available hanger mounted, or direct drive—allow- 2g Write for catalog—today. 

ing complete interchangeability of barrels on all Mercil- 

type equipment. Hanson-Van Winkle-Munning Company, 
Matawan, New Jersey. 

Offices in principal cities 


No bearings in solution. Corrosion-proof Plastisol coated 
guide arms. Stainless steel pins lock pulleys for positive 
rotation. 


Three types of tough cylinder materials—Plexiglas, Mela- 
mine and Tempron. Flexible contacts carry full 1000 
amp power for faster plating. 


TA 
©) PLATEMANSHIP —Your H-VW-M combination— 
5 of the most modern testing and develop- 
ment laboratory—of over 80 years experi- 
ence in every phase of plating and 


Industry's Workshop for the Finest in Plating, Anodizing, and Polishing Processes + Equipment + Supplies "i> ony 
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It’s a 7 ton 18-8 Casting 
designed to handle 
acidulous water 


With our battery of large electric furnaces and our large 
modern well equipped molding department, castings of this 
size are quite common in our production schedule. 


Yet, if you require it, we can produce castings as light as only 
a few ounces. In fact, with our shell molding department we 
can produce in quantity very small pieces of any high alloy 
analysis desired. 


Experience? Well, our work with static high alloy castings 
goes back to 1922 and with centrifugal castings back to 
1931. This long experience is your assurance of a sound 
casting correctly alloyed. 


OFFICE AND PLANT: Scottdale, Pa 


THE UU I COMPANY 


EASTERN OFFICE: 12 East 41st Street, New York 17, N.Y. 


DETROIT OFFICE: 23906 Woodward Avenue, Pleasant | 
CHICAGO OFFICE: 332 South Michigan Avenue 
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peared, a resolution of fine nodules 
in austenite and diffusion of the car- 
bon to larger nodules. 

When all of the cementite has 
disappeared, the austenite is just 
saturated in the vicinity of the small- 
est nodules. Since the interfacial 
energy per volume of graphite is 
greater for small nodules than for 
large, the growth of the large nodules 
takes place at the expense of the 
small. 

The general features of nucleation 
are determined by the same environ- 
mental conditions as those which 
affect the growth. During the early 
part of the reaction, the rate-con- 
trolling mechanism is the transfer of 
carbon atoms across the graphite- 
austenite interface. The fact that 
increasingly more remote carbide 
particles start to dissolve before the 
nearer ones have disappeared sug- 
gests that the solution of cementite 
is a somewhat slower process than 
the growth of graphite. However, 
there is sufficient excess of cemen- 
tite present during the early stages 
of the reaction to maintain the sup- 
ply of carbon. It is not until the 
volume of cementite remaining is 
small that the cementite solution 
mechanism can start to exercise a 
control over the whole reaction. 
This control may be operative to- 
ward the end, but if it is, its effect 
is overshadowed by the re-solution 
of small graphite nodules. 

E. C. Wricut 


Aluminum-Copper- 
Cadmium Alloys 


Digest of “Aluminum-Co per- 
Cadmium Alloys”, by E. A. G. 
Liddiard and H. K. 

Metal Treatment 


Forging, Vol. 23, February 1956, 
p. 67-71. 


ERY SMALL ADDITIONS of indium, 

tin or cadmium enhance the age 
hardening properties of aluminum- 
copper alloys. Of these additions, 
only cadmium can be used in com- 
mercial alloys that may contain 
magnesium as an impurity. A recom- 
mended composition is: 4.8 to 5.4% 
Cu, 0.1 to 0.15% Cd, 0.25% Si, 
0.3% Fe, 0.3 to 0.8% Mn, 0.2 to 
0.12% Ti, 0.02 to 0.10% Mg, 0.005% 
Sn, 0.05% Pb, 0.05% Zn, 0.05% Ni, 
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INDUSTRIAL HEATING EQUIPMENT ASSOCIATION 


. . whose members are dedicated to otherwise to the general public . . . 
promoting the general welfare of the and to cooperating with officials of 
industrial heating industry . . . im- Government agencies in any program 


proving its services directly and considered essential to national welfare. 
MARCH 1957 


3 
¢, 


With Tensiles Over 100.000 PSI 


‘ one costs $31.21 per hundred 


and one costs $22.51 per hundred 


Why? 


With reduced iron powders in both cases ... the expensive compact derives 
its physicals from copper infiltration; the inexpensive compact from small 
additions of Metal Hydrides’ chromium-nickel pre-alloyed powders. The 
comparative facts below show how you can achieve the physicals you need 


...in less than half the steps...at impressively lower cost with the 
MH process. 


Copper Infiltration MH Chrome-Nickel* 
Cost — $31.21 per 100 Cost — $22.51 per 100 
Tensile — 112,000 PSI Tensile — 103,000 PSI 
Elongation — 1% Elongation — 2.5% 
Rockwell Hardness — C34 Rockwell Hardness — C26 
Apparent Density — 7.78 Apparent Density — 6.83 
Production Steps — Nine Production Steps — Four 


*(714% addition of 50% chrome/ 
50% nickel, plus 1% carbon) 


Without obligation our technical sales staff will gladly give you complete 


information and show you how chromium-nickel pre-alloyed powders will 
meet your requirements. Write today! 


METAL HYDRIDES DIVISION 


Metal Hydrides Incorporated 


PIONEERS IN HYDROGEN COMPOUNDS 


31 CONGRESS STREET, BEVERLY, MASSACHUSETTS 
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Al-Cu-Cd Alloys .. . 


0.02% Cr, with the remainder being 
aluminum. 

The copper can be increased if 
the silicon does not exceed 0.15%. 
The cadmium should be added to 
the melt shortly before pouring. 
During or after the cadmium addi- 
tion, the melt temperature should 
not exceed 1345° F. at any time to 
avoid loss of cadmium by volatili- 
zation. 

Annealed at temperatures from 
825 to 915° F., the tensile strength 
of an Al-Cu-Cd alloy containing 
4.9 Cu and 0.10 Cd ranged from 
5700 to 2800 psi. with elongations 
of 55 to 58%. In the interval be- 
tween 930 and 985° F., the strength 
continued to decrease (to 2200 psi.), 
while the elongation after this treat- 
ment was well over 90%. The high 
ductility after annealing at tempera- 
tures above 930° F. suggests that the 
alloy can be forged directly from a 
cast bar. This was done with chill 
cast billets made in the laboratory. 
Forging is said to be easier than 
with any other high-strength alumi- 
num alloy. 

Depending upon the dimensions 
of the specimen, extrusion speeds 
varying from 25 to 40 ft. per min. 
could be attained on sections whose 
wall thickness varied from 0.050 to 
4 in. In all cases the maximum 
speed was from two to three times 
that attainable with B.S. L-65 alloy 
(4.2 Cu, 0.7 Mg, 0.7 Si, 0.6 Mn) 
under the same conditions. Recom- 
mended conditions for extrusion 
were: soak at 840 to 880° F. for 
6 to 8 hr.; extrusion temperature 
805 to 840° F.; container tempera- 
ture 715 to 735° F. A marked drop 
in properties was noted on any cold 
work performed on the alloy be- 
tween solution heat treating and 
aging treatment. 

Annealing experiments showed 
that the new alloy became softest 
after annealing at 660° F., but that 
it was effectively softened after 
treatment at any temperature be- 
tween 480 and 930° F. Flash an- 
nealing for short times at relatively 
high temperatures was permissible. 
Hot rolling at 895° F. produced 
some edge cracking. All operations 
of the hot rolling and of the tube 
drawing were carried out with 
schedules identical to those used 
for B.S. L-71 alloy (4.4 Cu, 0.7 Mg, 
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200 SERIES 
STAINLESS STEEL PRODUCTION 
IS REALLY ROLLING— 


with ELECTROMET Alloys 


i, is growing for the Cr-Ni-Mn 
200-series stainless steels. They are pop- 
ular and economical for such products as 
kitchen utensils, appliances, truck bodies, 
and automobile trim. ELECTROMET 
helps steel producers meet this growing 
demand with a variety of alloys designed 
to suit specific melting requirements. 


FOR EXAMPLE... 


The popular alloys for the addition of 

nitrogen in 200-series production are 

ELECTROMET nitrogen-bearing electro- 

lytic manganese, SIMPLEX nitrogen- 

bearing ferrochrome and nitrogen-bear- 
ing low-carbon ferrochrome. 

For the addition of manganese—ELEC- 
TROMET electrolytic manganese metal, 
low-carbon ferro-manganese, and MAN- 
SILOY alloy are the favorites. 

And, of course, ELECTROMET offers 
the largest selection of chromium alloys, 
including—“EM” ferrochrome-silicon; 
low- and medium-carbon ferrochrome; 
SIMPLEX low-carbon ferrochrome; low- 
chromium and regular grades of high- 
carbon ferrochrome; and charge chrome. 

The 200-series stainless steels are the 
result of basic work carried out at the 
ELECTROMET Research Laboratories. 
Stainless steel producers have been 
granted royalty-free licenses under the 
patents covering these developments. ° 

For full information contact the near- 
est ELECTROMET office. 


ELECTRO METALLURGICAL 
COMPANY 
A Division of 
Union Carbide and Carbon Corporation 
30 E. 42nd Street U3 New York 17,N. Y. 
Offices: Birmingham + Chicago « Cleveland 


Detroit + Houston + Los Angeles 
Phillipsburg, N. J. « Pittsburgh « San Francisco 


In Canada: Electro Metallurgical Company, 
Division of Union Carbide Canada Limited, 


Welland, Ontario Cr-Ni-Mn 200-series stainless steels are becoming increasingly 


popular for both household and industrial products fabricated 
METALS DO MORE ALL THE TIME from stainless strip. Here the final pass on finishing rolls gives 
... THANKS TO ALLOYS surface finish and hardness to the strip. 


lectromet 


Trade-Mark 


FERRO-ALLOYS AND METALS Visit our Exhibit Booth 1405, Pavilion 4 
“Electromet,” “EM,” “Mansiloy,” and “Simplex” at the Western Metal Show, Los Angeles, Calif. 
are registered trade-marks of Union Carbide. March 25 through 29, 1957 
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detect 


@ leaky furnace seals 


@ restricted flow of atmosphere 


@ transient moisture and air from quench tank 


@ air carried into the furnace with the charge 


with the DEWPOINTER 


Quick and accurate readings of dewpoints 
in each furnace zone give the heat treater 
the most valuable information possible 
for accurate adjustment of furnace atmos- 
phere. 

In one relatively inexpensive unit, the 
Dewpointer brings you this accurate data 
with simple operations. Any shop man 
can get precise readings every time—for 
the maximum in effective furnace control. 

Only the Alnor Dewpointer gives you 
controlled test conditions...indications 
take place in an enclosed chamber. Dew 
or fog is suspended in the air as sunbeams 
—not on a polished surface. This unique 
principle gives you the greater accuracy, 
faster readings required for critical heat 
treating atmosphere control. 


Eliminate Guesswork 
Here’s what you actually 
see with a Dewpointer—a 
swirl of sunbeams that is 
unmistakable in reading. 
Find out why so many use 
the Dewpointer for atmos- 
phere control. Send for 
your copy of the illustrated 
Dewpointer Bulletin. 
Write: Illinois Testing 
Laboratories, Inc., Dept. 
523.420 North LaSalle 
Street, Chicago 10, Ill. 


ILLINOIS TESTING 
LABORATORIES, INC. 


Al-Cu-Cd Alloys . . . 


0.7 Si, 0.6 Mn). The new alloy is 
clad without difficulty, but the cop- 
per content makes diffusion into the 
cladding likely unless the final solu- 
tion heat treatment time is kept at 
a minimum. 

Solution annealing treatment at 
985° F. for 6 to 8 hr. is recommend- 
ed for castings. For thin sheet, the 
time may be reduced to 15 min. 
This should be followed by artificial 
aging at temperatures not above 
365° F. Cold reduction of 5 to 
10% between solution annealing and 
aging appears to destroy the effect 
of the cadmium addition. The 
mechanism of this effect has not 
been determined. 

Interestingly, sheets of a 4.25 and 
of a 5% copper alloy containing cad- 
mium, solution heat treated and 
aged for 6 hr. at 365° F., or 16 
hr. at 330° F., were not subject to 
stress-corrosion when loaded as can- 
tilever beams with stresses up to 
49,000 psi. and sprayed daily with 
a 3% sodium chloride solution. Sim- 
ilar alloys without cadmium failed 
at all stresses over 15,500 psi. How- 
ever, the cadmium-containing ma- 
terial is subject to stress-corrosion 
if not fully aged (3 hr. at 430° F.), 

Little work has been done on 
castings, but it is known that cad- 
mium additions to both a 4.5% cop- 
per alloy and to a 3% Cu, 5% Si 
alloy accelerate their response to 
age hardening. 

Mechanical properties of speci- 
mens cut from a large forging of 
aluminum-copper alloy (5.4 Cu, 
0.09 Cd, 0.67 Si, 0.57 Fe, 0.50 Mn, 
balance Al) in longitudinal position 
are: proof stress 57,800 psi., ulti- 
mate tensile strength 71,900 psi., 
elongation 9.9%. - Properties of test 
pieces cut from a similar forging of 
the high-strength alloy D.T.D. 683 
(5.5 Zn, 2.5 Mg, 0.5 to 1.5 Cu, 
balance Al) with the test pieces in 
the longitudinal position are: proof 
stress 66,300 psi., ultimate tensile 
strength 72,600 psi., and elongation 
13.7%. 

The ease of fabrication of the 
aluminum-copper-cadmium alloy is 
stressed in the paper. This ease of 
fabrication can make possible high- 
er production rates and hence re- 
duced costs, or the production of 
more intricate forgings. 


WesstTER HopcEe 


METAL PROGRESS 


2 
pon potent 
t e car 
determin | 
e 
| 
*, 
Ps 
| 


Chromel- Alumel 


 THERMOCOUPLE ALLOYS 


FOR ACCURACY! 


Chromel-Alumel thermocouple alloys are 
unconditionally guaranteed to register 
true temperature—e.m.f. values within 
close specified limits . . . +4°F. from 
0° to +%% at operating 
temperatures from 531° to 2300°F. 


FOR DURABILITY! 


They're highly resistant to oxidation, 
extremely sensitive to temperature 
variations. And they maintain their fine 
accuracy over a wider range of tem- 
peratures for far longer periods of 
time than any other base metal material. 


FOR ECONOMY! 


Despite their finer accuracy, higher 
temperature range, and longer useful 
life, Chromel-Alumel thermocouple wire 
costs the user no more than ordinary 
base metal materials ...and in many 
cases, they actually cost less! 


Ask for them by name! Your instrument manufacturer or pyrometer service company 
can supply your immediate requirements for plain or insulated wire and assembled couples. 
So ask for them by name... “Chromel-Alumel” thermocouples . . . trade names you can trust! 


Chromel-Alumel thermocouple alloys are produced exclusively by 
HOSKINS MANUFACTURING COMPANY 


4445 LAWTON AVENUE e@ DETROIT 8 MICHIGAN 


| Trade names 


ZINC, CADMIU 
ov ALUMINU 


Long-time tests in the aviation and 
electrical appliance fields have proved 
that paint adhesion to surfaces treated 
with LUSTER-ON is superior to that 
found with other chromate conversion 


coatings. LUSTER-ON imparts a pas- 
sive surface which offers corrosion 
protection and best adhesive base for 
paint. 


LUSTER-ON MEANS ECONOMY 
On zinc or cadmium — use dilute con- 
centrations of LUSTER-ON utility 
liquids or /ow concentrations of 
LUSTER-ON 50 POWDER. 

On aluminum — use /ow concentra- 
tions of LUSTER-ON ALUMINUM 
SEALER. 

No current is required — no fumes to 
exhaust. 


LUSTER-ON proved formulas offer 


excellent operating control 


Superior treatment for zinc-base die 
castings, too! 


Prices 
Data Sheets and 
on Request. Send in part 


for free processing. 


West Coast: Crown Chem. & Engr. 
Los Angeles & San Francisco 
Canadian Licensee: Alloycraft Ltd. 
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The Ultrasonic 
Impact Grinder 


Digest of “Ultrasonic Impact 

eax £ by Patrick J. Duran, 

.M.E. Preprint No. 56-SA-47, 
ian 17, 1956, 10 p. 


(CoMBINATION of an old metalwork- 
ing principle with a new method 
of application has resulted in an en- 
tirely new technique for the accurate 
shaping of impressions in metallic 
and ceramic materials. The old con- 
cept is that power transferred from 
a soft metal punch through a hard 
abrsasive will form cavities in mate- 
rials which are harder than the tool 
tip. The new phase is the introduc- 
tion of ultrasonic vibration of the 
punch and tool. Practical result: 
ultrasonic impact grinding. 

Built in the form of a complete 
machine after some years of experi- 
mentation, the system employs an 
electromechanical transducer to con- 
vert a-c. power into mechanical mo- 
tion. Current is supplied at high 
frequency (25,000 cycles per sec.). 
Vibrations of the transducer are am- 
plified and transmitted by a shaped 
tool cone to an attached cutting tool. 
The latter vibrates in a plane always 
parallel to the axis of the cone. 
When an abrasive slurry is introduced 
between the cutting tool and the 
material to be worked, the cutting 
tool actually “drives” the abrasive 
into the workpiece, thereby repro- 
ducing its own counterpart in the 
piece. 

Action of the transducer derives 
from the magnetostrictive properties 
of the metal in its core. By this is 
meant the phenomenon of the metal 
stretching and contracting when 
placed in a varying magnetic field, 
the metal contracting minutely as the 
field strength increases. 

Amplitude of vibration at the base 
of the tool is relatively small with 
large forces, but the reverse is de- 
sired at the tool tip. The inner 
transmitting cone and the tool cone 
provide this transformation and 
might be likened to mechanical 
transformers. Fora given amount of 
energy at the frequency in use, am- 
plitude is a function of the cross- 
sectional area—the smaller the area 
the higher the amplification. 

The inner transmitting cone is 
permanent and provides fixed am- 
plification. The tool cone gives ad- 
ditional amplification. It is detach- 


THE CRAYONS 
THAT TELL 


TEMPERATURES 


IT’S THIS SIMPLE 


Select appropriate 


TEMPILSTIK® for the 
working temperature 
you want. 


® Mark your workpiece 
with it. 


@ The TEMPILSTIK® mark 
melts as soon as its 
temperature rating has 
been reached. 


Accuracy 
within 1% of 
rated melting 

point. 


Also available as 
TEMPILAQ® (liq- 
vid form) and 
TEMPIL® PELLETS 


63 different tem- | 
perature ratings 
available 


For information and samples, 
send coupon 


| Temnpil® corroration | 
| 134 West 22nd St., New York 11,N.Y. 
Send information on: 
TEMPIL® PELLETS 
cre Measured” 
Send sample pellets for °F 
temperature 
Nome 
1 Address 
State 


Visit us at Booth 629—April 9-11 
Welding Show—Philadelphia, Pa. 
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*ALUMON” 
for Plating on Aluminum 


RUST PROOFING 
COMPOUNDS 


STOCK POINTS: 
Seattle, San Francisco, 
Los Angeles, Chicago, 
Detroit, Dayton, 
Cleveland, 

Binghamton, New Haven 


Since 1930, ENTHONE Incorporated has developed and 


brought to the metal finishing market many specialty prod- 


ucts and processes. Often these products have provided the 
answers to finishing problems previously unsolved. ENTHONE 
ENSTRIPS, for example, are patented products for the 
selective dissolving of one metal plated on another without 
attacking the base metal. 

ENSTRIP A—U.S. Patent No. 2,649,361 — was the first 
product ever offered for dissolving nickel plate without 
attack on the steel basis metal. 


ENAMEL STRIPPERS 


METAL BLACKENING 
COMPOUNDS 


Metal Cleaning and 
Degreasing Compounds 


Conversion Coatings 
for Zine and Cadmium 


WORLD-WIDE 
DISTRIBUTION 

. ALSO IN 

Canada, Brazil, 
England, France, 
Sweden and Germany 


ENSTRIP 165-S — U.S. Patent No. 2,698,781 — was the 
first product ever offered for dissolving nickel from copper 
base alloys without attack on the basis metal. And there are 
many other selective strippers in the ENSTRIPS group to 
meet all requirements. 

If you have a metal finishing problem, ask wee” 
ENTHONE first! Write now for the folder 

“They are HERE ...” describing 20 ENTHONE 

answers to difficult finishing problems. 


442 ELM STREET, NEW HAVEN 11, CONNECTICUT 
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Metal Finishing Processes * Electroplating Chemicals 
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do your 


Ductility 


quick & easy 


The turning of a single hydraulic 
control knob clamps the specimen, 
tests it, then releases it. The test is made 

in plain view, and the maximum pressure indicators show the 
result until reset. This highly sensitive sheet metal 

tester will take up to %” thick specimens and exert up to 
30,000 pounds pressure, at any desired rate of speed. 
Hydraulic mechanism is all neatly enclosed. 

Write for catalog sheet and prices. 


DETROIT TESTING MACHINE COMPANY 


9384 Grinnell Ave., Detroit 13, Mich. 


Keep Your Product on the move 


Process 
Belts fo 


Aluminum Brazing ¢ 
Annealing ¢ Bluing ¢ 

Carburizing Copper Brazing 
Hardening ¢ Metal Washing and 
Degreasing ¢ Sintering © Quenching 


WRITE FOR 
ILLUSTRATED CATALOG 


ASHWORTH BROS., INC. 


WINCHESTER, VIRGINIA 


Sales Atlonto + Bullclo + Chorlotte,N C + Chicago + Cleveland + Dalles + Detroit 
Greenville, S.C. + Los Angeles Louisville New York + Philadelphio Rochester 
Engineers: Lows Poul + Conadion PECKOVER'S LID., Toronto Montreal 


204 


Ultrasonic Grinder . . . 


able and will vary in contour with 
the job to be handled and the tool 
size and shape. 

An unusual type of suspension 
has been devised to carry the trans- 
ducer. It comprises a parallelogram 
linkage with sealed ball bearings as 
pivots, and serves to keep the axis 
of vibration of the cutting tool ex- 
actly vertical. Weight of the trans- 
ducer is balanced by an accurately 
calibrated spring and a micrometer 
adjustment which permit the net 
downward force to be adjusted pre- 
cisely from a fraction of an ounce up 
to 15 lb. 

In operation, a tool which is the 
male counterpart of the impression 
to be cut is fixed to the end of the 
tool cone. The tool may be ordi- 
nary mild steel or even softer metal 
such as copper or lead. 

While the tool vibrates at 25,000 
cycles per sec., an abrasive slurry is 
flowed between the tool and the 
work. A small space filled with 
abrasive fluid develops between the 
vibrating tool face and the work- 
piece. Small particles of abrasive 
(200 to 800 grit size depending upon 
finish desired) are accelerated by the 
ultrasonic motion of the tool tip and 
are driven with tremendous impact 
against the work, thus chipping or 
grinding an exact replica of the tool 
face into the work. This is the ac- 
tion identified as impact grinding. 
The work is fed up to the tool to 
maintain constant grinding force be- 
tween the two. 

Grinding force seldom exceeds 10 
Ib. This, plus the absence of tool- 
work contact and the presence of a 
cool abrasive means that the action 
is one of “cold cutting”. Work is not 
stressed or distorted and does not in- 
crease in temperature. Also, it is not 
normally necessary to clamp the 
work since the tool does not wander. 

Depending upon the material be- 
ing worked, the practical grinding 
area of the tool face will vary from 
1.1 sq. in. for boron carbide, for ex- 
ample, up to 3.1 sq. in. for ferrite, 
glass or germanium. Average grind- 
ing rate with a %-in. diameter tool 
% in. deep, by actual tests, ranges 
from 0.007 in. per min. for toolsteel 
and 0.009 in. per min. for tungsten 
carbide, on up to 0.075 in. per min. 
for germanium and 0.100 in. per min. 
for glass. Ratio of stock removal to 
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. IN RESEARCH ACCURACY 


High vacuum heat treating is both practical and 
versatile in this Pacific Furnace installed at 
Western Gear Corporation of Los Angeles. 


Used for out-gassing titanium and titanium alloys, 
it has also proved successful in developing new 
surface hardening techniques. 


Operating under vacuums up to 0.2 microns at 
1300°F. for prolonged cycles, and often at tem- 
peratures in excess of 1600°F. this unusual fur- 
nace has helped solve many problems of producing 
improved wearing characteristics. 


Designed to withstand the most rugged service 
and maintain extremely uniform temperatures as 
required for research work, it has added versatil- 
ity by its use for production runs at Western. 


Loaded and unloaded without disturbing the 
piping or vacuum lines, it can be backflushed with 
inert atmosphere for accelerated cooling. An 
Inconel retort resists oxidation and corrosion, and 
an efficient water jacket protects the vacuum seal. 


PRODUCTION QUANTITIES 


At Metallurgical Consultants, Inc., this same basic 
furnace is doing an equally outstanding job of pro- 
duction processing of highly specialized materials 
—and has been paying off by its continual opera- 
tion for over two years! 

At this Maywood, California firm, two retorts can 
be alternated to provide both more efficient use of 
the furnace, and to allow vacuum heat treating 
in one while the other is used for hydrogen 
atmosphere. 


Tackling some of the most difficult types of jobs, 
this furnace is used for vacuum brazing of stain- 
less steels ... for aging of precipitation hardening 
alloys such as Inconel X, Ni-Span “C”, and A-286 
materials ...and many other jobs where physical 
properties are improved under vacuum treating. 
Whatever your heat treating requirements, Pacific 
has a complete line of proven standard designs, 
plus long experience in engineering and building 
special designs for your specialized needs. Call or 
write for more information—today! 


INDUSTRIAL HEAT TREATING HQUIPMENT 


PACIFIC SCIENTIFIC COMPANY 
P.O. Box 22019, Los Angeles 22, California 


LOS ANGELES © SAN FRANCISCO © SEATTLE 
PORTLAND © ARLINGTON, TEXAS © SAN DIEGO 


Mail this coupon for more information on Pacific-built furnaces 
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Ultrasonic Grinder . . . 


tool wear covers a wide area, figur- 
ing 250:1 for ceramic materials, 
200:1 for germanium, down to 1:1 
for toolsteel and carbides. How- 
ever, because there is little lateral 
cutting action, the exact profile of the 
tool is maintained as it wears. Be- 
yond that, tools can be replaced at 
moderate cost. 

Here are a few typical applica- 


tions of the process, with the time 


. required for the operation: Cutting 


0.004 in. slots % in. long in a 0.050- 
in. thick stainless steel hydraulic 
valve—10 min.; sizing S-shaped wire 
drawing dies in carbide—15 min.; 
cutting a small carbide stamping or 
embossing tool 0.025 in. deep—2 
min., sinking a complete blanking 
die of intricate shape in hardened 
toolsteel to a tolerance of 0.002 in.— 
45 min.; simultaneously cutting a 
dozen holes accurately in ceramic 


SCIENTISTS 
ENGINEERS 


for a future with a 


steep growth curve 


Westinghouse 
Commercial 
Atomic Power 


CAPA—Commercial Atomic Power Activity—is the nucleus of the 
most dynamic new division at Westinghouse, the leader in Atomic 
Power. Our growth is bound to be steep—as electric power demand 
and atomic power production pyramid sharply. 

We're ‘‘fluid’’—not fixed. New supervisory jobs open up fast! 
We’re entirely commercial—not dependent on government con- 
tracts. Opportunities for advanced study at company expense Get 
in on the “industry of tomorrow” today . . . at Westinghouse CAPA. 


immediate Openings for professionally established men and 
those just starting their careers: Physicists « Physical Chem- 
ists Chemical Engineers + Mechanical Engineers «+ Electrical 
Engineers + Designers + Metallurgists. 


Please mail résumé of your professional and 
business background to: C. S. Southard, West- 
inghouse Commercial Atomic Power, Box 355, 
Dept. 136, Pittsburgh 30, Pennsylvania. 


WATCH WESTINGHOUSE ! 


FIRST IN ATOMIC POWER 


spacers—a few seconds; dicing sev- 
eral hundred germanium diodes at 
one time—less than 1 min. 
Research is continuing on higher 
power machine units which will 
handle larger cutting areas at faster 


speeds. Artuur H. ALLEN 


Minimizing Grinding 
Stresses 


Digest of “Influence of Grind- 
ing Fluids Upon Residual 
Stresses in Hardened Steel”, by 
H. R. Letner, A.S.M.E. Paper 
No. 55A-123, November 1955. 


Grane FLUuIps are used for cool- 

ing, to prevent thermal stressing 
of the abrasive wheel bond and 
irregular cutting depth in the metal 
and to reduce friction and keep 
metal particles from adhering to the 
wheel (lubrication). Since either of 
these functions may affect the plastic 
deformation of a metal’s surface, the 
residual stresses induced by grinding 
may also be influenced by the grind- 
ing fluid. 

The effects of grinding in air, 
water containing NaNO, rust in- 
hibitor, water-oil-soap mixtures (sol- 
uble oils), and various grinding 
oils on the residual stresses in steel 
were recently compared at Mellon 
Institute in Pittsburgh. The steel 
was a 1% carbon, chromium-vana- 
dium ball bearing steel in the form 
of 3 by 0.16-in. square bars, which 
had been annealed, oil quenched and 
tempered C-59 hard. Heat treating 
stresses were removed by grinding 
off 0.01 in. from each side of the 
specimen; stresses in deeper regions 
were considered insignificant. 

Test grinding was done with a 
46-grit fused-alumina wheel having 
a vitrified bond. The wheel was 
0.75 by 1.25 in. in size and was 
mounted on a surface grinder with 
a horizontal spindle. Peripheral 
speed was 6000 ft. per min., with 
traverse speed of 60 ft. per min., 
cross feed of 0.05 in. per traverse, 
and down feed of 0.001 in. per cut 
to 0.10 in. total. The grinding fluids 
were fed as usual to the wheel 
periphery in amounts sufficient to 
cover the work surface. Their com- 
positions are tabulated in detail in 
the document, and the residual 
stresses for 13 different specimens to 
depths up to 0.01 in. are reported 
graphically. The maximum in every 
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Unruffled Muffle! 


... this Inconel retort takes 15 heating cycles per week...up to 2100°F 


About two years ago, Fabriform 
Metal Products Company, Los An- 
geles, installed this Inconel* nickel- 
chromium alloy muffle for the cop- 
per brazing of aircraft parts. 

Ever since then, the muffle has 
been through an average of 15 heat- 
ing cycles a week. 

And not easy cycles, either! Heat 
from room temperature to 2100°F 
... hold at temperature for 45 min- 
utes ... then cool to room tempera- 
ture again! 

The special properties of Inconel 


alloy account for the excellent per- 
formance of the muffle which was de- 
signed and fabricated by California 
Alloy Products Company, Los An- 
geles. For example, Inconel easily re- 
sists the atmospheres inside (mostly 
dry hydrogen . . . occasionally, dis- 
sociated ammonia )and the tendency 
toward oxidation externally at this 
very high temperature. Inconel also 
has good high-temperature strength 
... Shows little distortion. 


In-onel proved easy to fabricate, 
too. The original muffle was formed 


ncone | . . for long life at high temperatures 
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and welded without trouble. Later, 
after 8 months’ severe service, the old 
top was cut off and a new top welded 
on by Cal Alloy with equal ease. 

Get full details about the many 
advantages and economies of 
Inconel. Write for a free copy of 
“Keeping Costs Down ... As Tem- 
peratures Go Up.” 


*Registered trademark 


The International Nickel Company, Inc. 
67 Wall Street New York 5, N. Y. 


Nickel Alloys 
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Revolving 


Retort 


Furnace 
Heat Treats 
Uniformly 
Economically 


Furnace may be gas- or oil- 
fired or electric; controlled 
atmospheres. @ Retort 
capacities —300, 800, 1500, 
1800 Ibs./hr. and larger. 


The most economical and efficient furnace for metal 
parts suitable for slow tumbling progression through 
the retort. 

Retort is always within furnace, minimizing heat loss; 
no conveyor, trays or containers to maintain or replace. 

Automatic bulk charging; controlled speed of pro- 
duction, and uniformity of heating assure desired prod- 
uct quality at reduced operating cost. 

Particularly suitable for clean or bright annealing, 
hardening, drawing or for gas carburizing. 

Furnace may be combined with preliminary clean- 
ing and subsequent quenching, pickling and washing 
equipment, to provide entirely automatic, multiple proc- 
ess operation at minimum cost. 


Write for Bulletin 443. 


W. S. ROCKWELL COMPANY 


BUTTERFLY VALVES 


2047 ELIOT STREET 


SLIDE VALVES + AUTOMATIC VALVES 


FAIRFIELD, CONN. 
Sales Representatives in Principal Cities 


31 metal product firms 


open new plants in Puerto Rico 


WANT. TO KNOW WHY? 


r-—— — NEW 75-PAGE BOOKLET—FREE TO MANUFACTURERS— — — — 


industry. 


Name 


Commonwealth of Puerto Rico, Dept. ME-73 
Economic Development Administration 
579 Fifth Ave., New York 17, N. Y. 


Send me “Facts for the Manufacturer” with information about my particular 


Title 


Grinding Stresses . . . 


curve, usually around 120,000 psi. 
in tension, occurs at about 0.001 in. 
from the surface and falls to zero 
about 0.006 in. below the surface. 

The use of water containing 0.5% 
nitrite rust inhibitor gave about the 
same internal stresses as grinding in 
air, and with 10% inhibitor the 
stresses were a little higher. With 
the soluble oils, some specimens 
showed comprehensive stresses 
0.000,05 in. below the original sur- 
face, but at about 0.001 in. depth 
the tensile stresses were all of the 
same order of magnitude as with 
the 10% rust-inhibitor solution. With 
the straight grinding oils, the stresses 
at depths up to 0.000,05 in. were 
always compressive, and one of these 
oils (with a very high content of 
sulphochlorinated fats and about 
3.5% sulphur) gave a maximum 
residual tensile stress of only 60,000 
psi. instead of 100,000 psi. or more. 

Although solutions of rust inhibi- 
tor or soluble oil seem to show no 
advantage in these tests over air as a 
grinding fluid, the cooling effect of 
the liquid was probably helpful in 
minimizing local temperature varia- 
tions. The straight grinding oils 
(compressive stresses were found at 
the surface when using them) were 
definitely advantageous because 
such compressive stresses are bene- 
ficial to the service life of most 
mechanical parts. The oils with 
the high fat contents seemed to pro- 
duce more desirable stress distribu- 
tions, but further study is needed for 
precise correlation of the oil com- 
position with the residual stresses in 
steel ground with the oils. 

The heat capacity of the grinding 
fluid evidently has little effect on 
the residual stresses induced by 
grinding. The beneficial effect on 
the residual stresses of the oil with 
high sulphochlorinated fat content 
must therefore be due to a reduc- 
tion in thermal and mechanical 
stresses, and in the amount of heat 
generated during chip formation. 
Other work has shown that certain 
gas atmospheres, without much 
ability to carry off heat, likewise 
reduce friction in machining, and 
improve the surface finish. 

Lubrication by a grinding fluid is 
thus more important than the cool- 
ing effect. 

Georce F. Comstock 
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(1) Charge end of Stewart 
Reciprocating Hearth Far- 
nace showing bearing races 
entering. Average output 
is 125 pounds per hour. 
S.A.E. 52100 steel is bard- 
ened to 65-66 Rockwell C. 
Nichrome hearth casting 
has been operating over 9 
years. 


(2) At discharge end, ball 
races are dropped into 
conveyer tank and 
quenched from 1540-1550 
degrees. 


NICHROME Hearth 


THE 
JOB AFTER 67,392 HOURS-9 YEARS! 


is manufactured 


In maintaining low heat-hour costs at Norma- 
Hoffmann Bearings Corp.,+ the extraordinary long 
life of Nichrome castings is the most important 
factor. The record speaks for itself. 

In 1940 Norma-Hoffmann placed their first Sun- 
beam Stewart Reciprocating Hearth Furnace into 
24 hour, 6 days per week, operation for heat-treat- 
ing ball bearing races and rollers. 

It wasn’t until 55,641 hours (7 years) of this all-out 
production that the Nichrome hearth casting was 
changed. 67,392 hours (9 years) later it is still on the 
job—working as well as it did when first installed. 


Alor, 
Nichrome 


only by 


~ 
« 4 
ag. 


For Nichrome, performance like this is not un- 
usual. It explains why, in plant after plant where 
Nichrome castings pile up outstanding records like 
this, the heat-hour cost of Nichrome is well below 
any other alloy you might be tempted to buy be- 
cause of somewhat lower initial price. 

And in designing special long life heat-treating 
equipment, Driver-Harris has priceless experience 
— 40 years of it. So, for the most durable heat- 
resistant alloys and the most valuable engineering 
help obtainable anywhere, you would be wise to 
consult with us. t Stamford, Connecticut 

*T.M. Reg. U. S. Pat. Off. 


BRANCHES: Chicago, Detroit, Cleveland, Lovisville, Los Angeles, San Francisco 


MAKERS OF THE MOST COMPLETE LINE OF ALLOYS FOR THE ELECTRICAL, ELECTRONIC, AND HEAT-TREATING INDUSTRIES 
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Driwer-Harrvis HARRISON, NEW JERSEY 


COMPANY 


Lesson in low heat-hour cost at NORMA-HOFFMANN 


. using these materials. Lack of duc- 
Evaluating the Impact tility and poor impact strength are 


their more important shortcomings. 
Strength of Cermets The authors believe that the tradi- 


, tional methods of evaluating these 
Digest of “Cermets and the 


Problem of Impact Strength”, properties in metals and _ alloys 
by Frank W. Glaser and N. should be somewhat modified for the 
p. 90-93. sults were obtained on a systematic 


series of TiC-base cermets contain- 

ANY CERMETS having satisfactory ing a Ni-Cr-Co binder (60% Ni, 
high strength at high tempera- 20% Cr, 20% Co). The amount of 
tures have been developed, but the binder varied from 25 to 65% by 
designer is still very hesitant in weight. The size effect was also 


HEAT TREATING | 


FURNACES 
23. MOOELS 


INDUSTRIAL 
"BOX FURNACES 


WITH AND 
WITHOUT 


_ Recirculating Air Draw: box 
trolled atmosphere furnace High Speed and — type furnace for controlled 
designed for tool rooms heating to 1300° F.—steel 


models now ready—others | : etc. 8 sizes to 24" w. x 15 
to follow. Electric Furnaces 4a’ 


Electric Ovens 


[ | 


Bench Type: for tools and small 
parts—to 2000° F. 14 sizes to 
10° w.x 8” h.x 18° d. 


Recirculating Ovens: for drying, 
finishing and industrial process- 

ing to 600° F. 5 sizes to 36” w. 

x 36" d. x 60” h. 


+ High Temperature Box Furnace: 
for high speed steel treating to 
2500° F. 3 sizes to 12” w.x 8" h. 

x 24° d. 


Industrial Box Furnace for general 
heat treating—to 2000° F. 8 sizes + 
to 24" w.x 18" h. x 48" d. 


Catalog and complete information on any of 
these furnaces will be gladly furnished on request. 


COOLEY ELECTRIC MANUFACTURING CORPORATION 
30 S. SHELBY ST. + INDIANAPOLIS 7, INDIANA 


investigated by varying the cross 
section of the specimen from 0.0225 
to 0.156 sq.in. 

The standard Charpy impact test 
yielded erratic data because the 
energy absorbed was very small. 
The modified Charpy test, calibrated 
in in-lb., gave more reproducible 
results, but the most important un- 
certainty in this type of testing came 
from the unknown energy imparted 
to the flying fragments of the speci- 
men. The N.A.C.A. drop test was 
also evaluated and the authors be- 
lieve that in this test the impacting 
velocity is unrealistically small. The 
fourth testing method consisted of 
impacting the specimen with a bul- 
let of constant mass (mass not given 
in the paper) and with velocities 
ranging from 6380 to 18,800 cm. 
per sec. 

The authors claim that this test 
method closely simulates the condi- 
tions encountered in jet engines. 
Consistent results were apparently 
obtained by measuring the velocity 
at which no visible damage occured 
to the specimen. A definite specimen 
size effect was observed in all these 
tests and the impact strength seemed 
to increase with increasing specimen 
size. The ratio of binder material 
to hard carbide phase had a very 
important effect on impact strength. 
The decrease of impact strength 
with decreasing amount of binder 
was particularly severe below 45 to 
50% binder material. 

In discussing the results of these 
experiments, the authors express the 
opinion that the future of cermets 
for many high-temperature applica- 
tions, such as gas turbine blades, is 
severely hampered by the designer's 
requirements of a high impact 
strength. In their opinion, the im- 
pact strength criterion is overempha- 
sized and a new approach to the 
problem may be required. Ballistic 
tests applied to specimens having 
the shape of the particular part un- 
der consideration seem to be more 
realistic than impact tests on stand- 
ard shape specimens. The authors 
also believe that a better understand- 
ing of the effect of the binder phase 
may lead to better resistance to frag- 
mentation of cermets. Progress has 
been made in obtaining a very thin 
film of binder material on individual 
particles of hard metals, and this 
appears to be a very promising 
approach to the problem of “ductile” 
cermets. Pot Duwez 
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when should you pay 


$13.00°a pound 
for TITANIUM? 


The answer is when its cost/life ratio makes titanium less 
costly than other metals—as it often does. Look at it this 
way... 


More Metal Per Pound—Titanium weighs only 56% as 
much as steel of the same strength. Where 50 pounds of steel 
is needed—28 pounds of titanium will do the job. 


It’s Final Cost That Counts—Fabricating takes the lion’s 
share of production costs on most jobs. Considering material 
and fabricating costs together usually whittles down the 
titanium price differential to 2 or 3 to 1. And, most impor- 
tant... 


REM-CRU 


TITANIUM 


Sales Offices: 3338 South Malt Avenue, Los Angeles 22, California - 
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4501 W. Cortiand Street, Chicago 39, Illinois + 


Titanium Outlasts Most Metals — even those generally con- 
sidered ‘corrosion-resistant,’ by 10, 20, even 50 times or more. 
Added together, these facts often make titanium the most 
inexpensive material you can use. And only titanium can 
provide its exceptional combination of light-weight, high- 
strength, and resistance to corrosion. Ask a REM-CRU engi- 
neer to give you complete details about what titanium can 
do for you. 
*The actual cost of titanium mill products varies with the 
grade, size and quantity ordered. The $13.00 figure is repre- 
sentative of today’s prices for items used in commercial ap- 
plications. 


Write Dept. MP-3 for the Rem-Cru Review—a free 


periodical presenting the latest data on titanium. 


World's Most Versatile Metal 


405 Lexington Avenue, New York 17, N. Y. 
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Brittle Structures 


Digest of 1955 Adams Lecture 
before the American Welding 


MARTINDALE 


ROTARY BURS AND FILES 
of Research an xperience in 

Structural Welding”, Welding CARBIDE and H.S. STEEL 
Journal, Vol. 35, March 1956, p. 


209-224. 
AUTHOR of the document un- 
- der review, L. Grover, is chairman 
of the Structural Steel Research 
Committee and the Fatigue Testin 
precision strip 


Committee of the Welding Research 


: Council, and consequently his sum- 

for electronics mary of the brittle fracture problem 
' i in structural welding should be of For the toughest metal-cutting jobs, for 
app lications particular interest to bridge and cuttin p wr materials and metals too 
structural engineers. hard for High-Speed steel tools, Martindale 


| Carbide Burs are the answer. They are pre- 
The existence of a “transition cision ground from solid carbide and each 


From 0.0005 in. to 0.040 in. temperature (or even two “transi- — _ to provide cooler cutting and 
thick and 0.090 to 6 in. wide, tion” temperatures), as defined by | 9° "* 
these alloys are available as sudden changes in the result of im- Above are 8 representative shapes, avail- 


able in all sizes from 3/32” to |” diameter. 
special-tolerance strip: pact tests at progressively lower Priced low, these tools can cut production 
temperatures, has no meaning unless | costs on jobs where High-Speed tools are not 


a quantitative correlation can be adequate. 
Phosphor Bronze shown to exist between such a transi- 
Nickel Silver 


tion temperature and the perform- 
Brass ance of the full-scale structure. This 
Chromium Copper correlation has now been made for 
eee 17-7PH ship plate steel, following extensive 


. work by Pellini and his associates at 
Magnetic: High Nickel the Naval Research Laboratory. The 
Some immediately available. present author briefly presents their i 
Others rolled to order in 2 findings, in which the “nil ductility Martindale hand cut Rotary Files and mill- 


to 21 days. Can be supplied temperature” (NDT) is associated | cut Rotary Burs (illustrated above) are made 
in coils or straight lengths with the initiation of a brittle frac- 
with slit or filed edges— ture, while the “fracture transition, | essur 


. assured by heat-treating in electric furnaces 
also cadmium plated. elastic” (FTE) is associated with the | on which temperatures are controlled by 


Write for Bulletin 7 Ce highest temperature at which propa- an te 
TODAY. gation of brittle fracture is still pos- Over 200 sizes and shapes (75,000 pieces 


sible. The separation of the brittle total) are carried in stock for immediate 


PRECISION PRODUCTS, More experimental investigation is — 24 Combine- 
501 Crescent Avenue i badly needed into the relationship i tions. They vary 
between Charpy V-notch data (or ry to 
other laboratory tests) and the be- 
SALES OFFICES havior of structures. One of these Available in bench, 
New York investigations is described and dis- pedestal or over- 
cussed in detail. It involved drop 
Bala Cynwyd, Pa. hammer tests on full-scale wide- 
Wellesley, Mass. flange beams, cooled to subatmos- Complete line 
Houst pheric temperatures. This work was for 
Chlcage done at Columbia University under wire-breshing, 
Los Angeles Prof. Krefeld for the Structural Steel Send for new 64-page catalog No. 30 cover- 
KRUSEN WIRE & STEEL CO. Research Committee. A comparison ing yt and = A... — for mainte- 
WAREHOUSES of the transition temperatures for ‘ 


New York 
BERYLLIUM COPPER SUPPLY CO. unwelded beams and Charpy V- 


notch specimens is shown by the | 


PRECISION STEEL WAREHOUSE INC. tabulation on p. 214. 
vonve, veland 7, 
See hom WIRE & STEEL CO. Other investigators check the 


Beryllium Copper 


shipment. 
fracture problem into these two 


N stages — namely, of initiation and of MOTOR-FLEX UNITS 


propagation—is by now a_ well- Martindale Motor 


accepted idea. A Flex Units are 


made in 7 Models 
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MODERN 


GALVANIZING 


HARDENING, QUENCHING 


STEWART 


EQUIPMENT MAY BE THE 
ANSWER TO YOUR PROBLEM 


Sunbeam engineers can help you keep pace with modern i 
production methods. Replacement of obsolete or inefficient GAS CARBURIZING AND 
heat treating equipment with an automatic Sunbeam CARBONITRIDING UNITS 
installation reduces costs, improves quality, pays for itself 

in a short time. 


Our staff of furnace engineers will 
recommend the correct equipment to 
meet your production requirements. 


e SURFACE TREATING AND HARDENING— 
Carbonitriding, Carbon Restoration, Carburizing, Cyanid- 
ing, Nitriding and Straight Hardening. 


CONTROLLED HEATING AND COOLING— 
Annealing, Normalizing, Malleabilizing, Stress Relieving. 


WIRE HEAT TREATING FOR FERROUS — 
NONFERROUS OR ALLOY 


—Batch and Continuous—Tempering, 
Patenting, Annealing. 


SINTERING AND BRAZING 
ALUMINUM PROCESSING 
GALVANIZING 


HEATING FOR HOT- 
FORMING— Soaking, 
Reheating, Forging. 


__ Sitnbeam (industrial F 
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4 THERE IS A SUNBEAM STEWART INDUSTRIAL FURNACE FOR EVERY NEED 
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emperatures 


That's close 
enough for the most crit- 
ical control requirements. Actual 
performance demonstrates that it is 
being done with a simple electrical 
unit—automatically. No attention is 
needed, the operator simply selects 
the control point on the controller. 
A Gordon XACTLINE in the control 
circuit actuates the control before the 
set temperature is reached (up or 
down). The short on-off cycle (as short 
as three seconds) thus produced will 
give extremely close control. Because 
it's electrical—with no dependence on 
gears, cams, shafts, etc.—it is accu- 
rate and reliable. 
For Any Heat Process 
Gordon XACTLINE can be placed in 
the control circuit of any fuel-fired or 
electrically heated oven, furnace, 
kiln, injection molding machine, etc. 
Once installed, no adjustment or co- 
ordination with the control instru- 
ment is required regardless of size 
of furnace, length of heating cycle, 
or density of load. It can be used 
equally well with any existing in- 
dicating or recording standard pyrom- 
eter controller, regardless of age. 


Gordon XACTLINE— 
complete, factory-assembled, factory-adjusted 
instrument enclosed in dustproof case, ready 
for installation anywhere. 


Write for complete details 


$552 


CLAUD S. GORDON CO. 


Manufacturers & Distributors 
Thermocouple Supplies + Industria! Furnaces & Ovens 
Pyrometers & Controls + Metaliurgical Testing Machines 

613 West 30th Street, Chicago 16, Illinois 
202] Hamilton Avenue, Cleveland 14, Ohio 


Brittle Structures . . . 


results on welded beams tested at 
Columbia University, and show that 
the role of welding in the develop- 
ment of brittle fracture enters 
through its effect on the base mate- 
rial, particularly in the heat affected 
zone where the microcracks devel- 
oped during the welding operation 
may initiate fracture. Fractures can 
be made to follow the welded joint 
only when the notch toughness of 


cold climates indicate that the NDT 
of the steels pegs the lowest safe 
operating temperature at an unduly 
conservative figure for bridges”. 
New structural materials such as 
A-131 (ship steel) and A-373 (struc- 
tural steel for welding) assure better 
uniformity of notch toughness as 
compared with the older A-7 specifi- 
cation; they seem to be well worth 
the small additional cost when put 
into outdoor structures subjected to 
low temperature. 
F. ForscHer 


Comparison of Transition Temperatures 


SEMIKILLED 


STEEL 


STEEL 


chined, 


pressed notch 
holes made by flame-cutting 


specimens 


Plain unwelded beams with ma- 
coped holes and sharp 


Plain unwelded beams with web 


15 ft-lb. level, Charpy V-notch 


+25° F. +85° F.* 


—60 to —115 


—30 | 
| 


—42 to —45 +25 to +33 


* Approximatel 


the lowest temperature at which failure will occur by 


buckling rather than by propagation of a small tear or crack. 


the base metal is greatly superior to 
that of the weld metal. 

Another experimental investigation 
which helps the structural engineer 
to understand and control brittle 
fractures in full-scale structures was 
carried on by Feely and co-workers 
at the Esso Research Laboratories 
and described in Welding Journal 
in February 1954 and December 
1955. 

These studies on crack propaga- 
tion in steel plates, including those 
conforming to A.S.T.M. Specifi- 
cation A-7, are the only omission the 
present reviewer feels should have 
been included in Mr. Grover’s report. 

Many other brittle failures of 
structures, with an emphasis on 
welded bridges, are reviewed. In- 
cluded in this list is the spectacular 
collapse of the Three Rivers Bridge 
in Quebec during January 1951 and 
service failures of riveted as well as 
welded structures. The factors dis- 
cussed include such items as fabri- 
cation operation, effect of strain rate, 
effect of acuity of notch, effect of 
temperature upon the yield stress, 
effect of oxygen cutting or of shear- 
ing or punching. 

The author concludes that “the 
excellent service records of a good 
many welded bridges serving in very 


Cold Roll Forming 


Digest of “Cold Roll-Forming 
and Manipulation of Light- 
Gauge Sections”, by E. Griffin, 
Journal of the Institute of 
Metals, Vol. 84, March 1956, p. 
181-197. 


HE PROcEsS of cold roll forming 

lends itself readily to present day 
requirements of high productivity, 
close quality control, and economy 
in labor and material. The basic raw 
material, cold rolled strip produced 
on continuous mills, excels all 
ferrous and nonferrous products 
produced by other methods in uni- 
formity of thickness, consistency of 
properties, and surface conditions. 

Basically, cold roll forming can be 
described as a process in which a 
flat strip of metal is progressively 
formed into a desired shape by pass- 
ing through several stonds of rolls 
arranged in tandem. Each pair of 
forming rolls does its particular part 
in developing the section shape. 
Thus the number of stands required 
to produce a given shape will de- 
pend on the intricacies of that shape 
and also on the type and gage of 
strip material used. Generally speak- 
ing, the most complicated of shapes 
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Joint area is hand-fluxed with HANDY 
FLUX after which %” piece of Ye” 
Easy-F 0 45 wire is placed on top of 
joint area. Alloy cost is one half cent 
per joint. 


Assemblies are placed between re- 
sistance-heating electrodes which 
serve also as a jig. Operator applies 
current with foot pedal. Melted Easy- 
FLo 45 penetrates joint area quickly 
and easily. Assemblies are then given 
rapid quench to preserve hardness of 
cross-slide and to remove HANDY FLUX 
easily. Time required for complete 
cycle: 22 seconds. This lady brazes 
from 1200 to 1500 assemblies per day. 


GET THE FACTS OF 
EASY-FLO 
BULLETIN 20 tells you why high 
strength, speed and economy 
are inherent in EAsy-FLOo braz- 
ing. Also gives Handy informa- 
tion about joint design and fast 
brazing methods. We’ll be 
pleased to send you a copy. 
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EAsy-FLO 45 Solves Problems 


of Strain and Abuse 


In this case, the strain and abuse are centered on the cross-slide joint 
of a bayonet power saw drive shaft. Made by Wen Products, Inc., 
Chicago, Illinois, for the do-it-yourselfer as well as the professional, 
this powerful tool operates at 2650 load strokes per minute and is 
expected to stand up to considerable strain and abuse throughout 
its lifetime. 


The problem to be permanently solved was that of joining the steel 
cross-slide piece (.005 case hardened) to the drive shaft. The solution 
... Silver brazing with Easy-FLo 45. A simple silver brazed joint 
assures all the strength this part will ever need. And the people at 
Wen Products were sure of it when they tested the part in this 
manner: After brazing, it was placed in a vise and the cross-slide 
piece was struck at right angles with a hammer. It was completely 
mangled before it was torn from the shaft. Thousands of these saws 
are in use today and there is no record of this joint ever having tailed 
in service. That says a lot for silver alloy brazing... with Easy-FLo 45. 


One of the beauties of silver alloy brazing is that it can join a wide 
variety of metals with the same excellent results and at remarkably 
low cost. Whatever you are making of metal, whether joints are in- 
volved or not, it will pay you 
to investigate Easy-FLo braz- 
ing. We will be glad to ex- 
plain the benefits of simplified 
design made possible by mod- 
ern silver brazing techniques 
—and how these advantages 
can be profitably applied to 
your production requirements. 
Just call us. 


COMM. 
PROVIDENCE, 1. 
N 
CLEVELAND, O10 


General Offices: 82 Fulton St., Mew York 38, caw. 
DISTRIBUTORS IM PRINCIPAL CITIES mowresai, 


| 
. JOIN WITH HANDY & HARMAN SILVER BRAZING FOR PERMANENT PROFIT | 
> fa 
te \\ Your NO. MM Source of Supply and Authority on Silver Brazing Alloys | 
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Roll Forming . . . 


can be produced on roll-forming 
machines having no more than 12 
stands or stages. 

The strip materials used in the 
manufacture of cold _roll-formed 
sections are supplied in coils and 
include aluminum and its alloys, 
low-carbon mild steels, low-alloy 
steels, stainless steels, copper, brass, 
phosphor bronze and zinc. On 
simple shapes the output per day, 
per machine, allowing for unavoid- 
able interruptions, is in excess of 
30,000 ft. with only one operator. 

A cold roll-forming machine nor- 


mally consists of three basic units, 
a decoiling drum or cradle, a roll- 
forming unit, and a device for cut- 
ting to specific lengths. The 
capacities of machines are generally 
classified according to the maximum 
width of strip and the gage of mate- 
rial which can be roll formed. 

The actual horsepower required 
to roll form strips into a section 
profile depends on many variable 
factors. Theoretical values for work 
done in forming, based on assump- 
tions and confirmed by experimental 
results, give values that are only 10% 
of the actual power required in 
practice. This means that 90% of 
the power used is needed to over- 


Light metal alloy 
aging and solution 
heat treating ovens. 


@ Young Brothers Ovens and Furnaces designed 
for heat treating requirements are designed and built to improve the 
quality of the finished product and provide savings in time, fuel and 
materials. Each one is engineered to meet the specific need regard- 
less of the process, material or product. 


The proven dependability of Young Brothers Ovens in thousands of 
installations during a period of 60 years is your assurance of the 
finest results at lower overall costs. A wide variety are available for 
Annealing and Tempering, Drying and Impregnating, Aging, Normal- 
izing, Preheat, Stress Relief, Homogenizing and for other processes. 


Write for Bulletin 14-T. 


YOUNG BROTHERS COMPANY 


1829 COLUMBUS ROAD ® 


CLEVELAND 13, OHIO 


come certain unavoidable factors. 
Foremost among these sources of 
power loss are friction on the strip 
during forming, flattening of the 
strip between the bending points, 
cold work on the strip due to varia- 
tion in the gage above the nominal 
standard, friction between the mat- 
ing surfaces of the forming rolls, and 
the mechanism of the roll-forming 
machine. Typical calculations of 
power requirements for cold form- 
ing are given, including compara- 
tive data on power requirements for 
cold forming on hydraulically oper- 
ated vertical presses and for cold 
roll forming. 

Tooling for the production of cold 
roll-formed sections can be very 
costly. Except for standard shapes, 
such as channels, angles and in some 
instances, box channels, hat and 
Z-sections, the rolls must be manu- 
factured specifically to produce the 
desired shape, and as each stage 
represents a particular part in the 
forming of the section, no two stages 
are identical. Furthermore there is 
a minimum production quantity 
below which the manufacture of cold 
roll-formed sections becomes pro- 
hibitively expensive. This minimum 
production figure for a normal sec- 
tion is in the region of 3000 to 5000 
ft. Once the tools have been pro- 
duced, however, their forming 
potential is far beyond that of any 
other method of producing cold 
formed sections. Normal commer- 
cial tolerances on cold roll-formed 
sections are + 0.010 in. with a 
straightness factor of L/300. For 
aircraft sections these tolerances are 
reduced to + 0.005 in. and L/600 
for straightness. 

Because of the complexity of many 
forming operations the manufacture 
of the forming rolls requires a high 
degree of skill. Attempts have been 
made to mass-produce forming rolls 
on automatic lathes, but this method 
has not met with any great success, 
due mainly to variations in the shape 
of every roll produced. Automatic 
lathes with tracer movements can 
and do produce these shapes, but 
due to the high capital expenditure, 
the old way (using templets) is more 
economical. 

Generally, high speed steel cut- 
ting tools are most suitable for 
machining rolls, although carbide- 
tipped tools may be used on the 
high-carbon high-chromium rolls. 

Heat treatment of forming rolls 
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QUAL TY STAINLESS “STEEL 
. MADE THE MODERN war 


IMPROVED DESCALING PROTECTS BASE METAL 


. - » ELIMINATES PITTING AND ETCHING 


This new Sodium Hydride Descaling bath is Rotary’s The benefits of this new process are quickly apparent 
answer to the problem of uniform, thorough descaling... and they are important! 


. another step forward in their determination to  ¢« Thorough descaling—work comes out bright and 
provide customers with only the highest quality clean and free of smut. 


stainless steel. e No less of base metal . . . close tolerances can be 


Watch Rotary—put your faith in Rotary—where new 
facilities and new methods combine to bring you only ¢ No a etching . . . fine surface quality can 
the highest quality stainless steel. be maintained. : 

e Safe operating temperatures . . . working temper- 
Send for your copy of 4-color brochure “How Steel is ature of descaling bath is well below the critical 
Made at Rotary.” range. 


STAINLESS BILLETS FOR FORGING IN COMPLETE SIZE RANGES 


Ro tary Electric Steel Co. 


- BOX 4606 DETROIT 24, MICHIGAN 


= ALLOY and , 


STAINLESS STEELS 

BILLETS SLAB 
HOT ROLLED 
COLD FINISHED BARS 
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Roll Forming . . . 


is generally carried out under strict 
supervision and in accordance with 
material suppliers’ instructions. Mild 
steel rolls are case hardened to a 
depth of 0.025 in. by the cyanide 
process. Meehanite cast iron form- 
ing rolls are oil quenched and 
tempered, as are the high-carbon 
high-chromium steel forming rolls. 
The finished hardness of the roll 
surface is Rockwell C-56. 

The strip material is fed through 
au ede guide so placed as to center 
the strip accurately in the first stand 
of the forming rolls. Lubrication 
during roll forming is of primary 


importance. For steel strip a light 
machine oil is used, but when form- 
ing aluminum alloy a mixture of 
paraffin wax and lanolin has proved 
very successful. 

It is an established fact that for 
all types of materials more consist- 
ent results are obtained when the 
strip undergoes severe forming 
operations. For example, compli- 
cated shapes are obviously more 
difficult to produce, but once the 
forming rolls have been adjusted a 
more uniform section can be ob- 
tained than when the material is 
subjected to forming operations 
which impose only a small amount of 
plastic deformation. Section profiles 
having wide, flat surfaces are also 


keeping up with 


SODIUM 


Sodium handling 
in the plant 


new book describes how \p 


THIS BOOK IS FOR ENGINEERS AND PRODUCTION MEN 
WORKING IN DESIGN, DEVELOPMENT AND OPERATION 
OF SODIUM HANDLING EQUIPMENT. 
CONTAINS INFORMATION SUCH 
©@ DETAILS OF TYPICAL SODIUM-USING PROCESSES 
@ DETAILS OF EQUIPMENT INSTALLATION, 
INSULATION, HEATING, REPAIR 
@ RECOMMENDATIONS FOR SODIUM PUMPING, 
METERING, INSTRUMENTATION 
© SAFETY IN DESIGN AND OPERATION 
FORTY-FOUR PAGES OF DETAILED INFORMATION ON 
SODIUM HANDLING BASED ON IN-PLANT EXPERIENCE. 


MO SUBSTITUTE FOR DIRECT U.S.1. TECHNICAL ASSIST 
ANCE, THIS BOOK WILL NEVERTHELESS PROVIDE THE 


READER WITH A SOLID FOUNDATION IN THE PRINCIPLES 
AND PRACTICES OF SODIUM ENGINEERING. AVAILABLE 
FROM U.S.1. WITHOUT CHARGE, 


a heap of 


SODIUM 


WELL OVER A HUNDRED THOUSAND TONS OF sopium =| 
ARE USED IN THE UNITED STATES EVERY YEAR. 140 | 
MILLION POUNDS GO INTO TETRAETHYL LEAD; AGOUT | 
45 MILLION INTO SODIUM CYANIDE; ALMOST AS MUCH | 
INTO FATTY ALCOHOLS: 7 TO 10 MILLION INTO SODIUM | 
PEROXIDE; ABOUT 4 MILLION INTO SODIUM HYDRIDE 
DESCALING OF STEEL; AND ABOUT 4 MILLION FOR 
INSECTICIDES, DYES, DRUGS, ALKOXIDE PREPARATION, 
! 


SPECIALTY CHEMICALS, ATOMIC ENERGY AND A NUM-— 
BER OF MISCELLANEOUS USES. AND NOW TITANIUM 
METAL, *U.S./. ISOSEBACIC” ACID AND MANY ORGANICS 
ARE JOINING THE LIST. 


U.S.1, TECHNICAL SERVICE HAS GEEN CALLED ON 
BEFORE OR DURING DESIGN OF ALMOST EVERY NEW 
SODIUM HANDLING UNIT BUILT DURING THE PAST FEW 
YEARS. THE SAME SERVICE IS AVAILABLE TO YOU IN 
ALL PHASES OF YOUR DEVELOPMENT, DESIGN, AND | 
PRODUCTION. 
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© THAT MILD STEEL IS SATISFACTORY 
FOR MOST SODIUM HANDLING 
EQUIPMENT? 


© THAT SODIUM PIPELINES CAN BE CUT 
AND REWELDED WITHOUT DRAINING? 


@ THAT SODIUM BRICKS ARE MOLDED 
IN OPEN AIR? 


@ THAT MOLTEN SODIUM CAN BE 
PUMPED AND METERED 
CONTINUOUSLY? 


©@ THAT THE ATOMIC ENERGY 
COMMISSION HAS STUDIED 
OVER 60 CONSTRUCTION 
MATERIALS FOR SODIUM 
HANDLING? 


RESULTS OF THE A.£.C. STUDIES, 
ALONG WITH MANY OTHER DETAILS OF SODIUM LING 


TECHNOLOGY, ARE PRESENTED IN U.S.175 NEW 
ASK FOR NEW U.S.1. SODIUM HANDLING 


USTRIAL CHEMICALS CO. 
Division of National Distillers Products 

99 Park Avenue, New York 16, > 
Branches in principal cities 


very difficult to produce. In such 
lightly formed sections any defor- 
mation of the strip surface due to 
unwinding from the coil, heat treat- 
ment before forming, or defects 
oceurring during manufacture of 
strip will be apparent on the final 
section. Procedures for avoiding or 
minimizing such defects are given. 
Supplementary discussions of 
cold forming on press brakes, and 
manipulation of cold roll-formed 
sections, by bending, press working, 
swaging, together with information 
on cleaning and finishing of cold 
roll-formed parts, are also included 
in the paper. 
W. W. Austin 


Significance of Fatigue 
in Pressure Vessel Design 


Digest of “Significance of 
Fatigue Data in Design of Pres- 
sure Vessels”, by Thomas J. 
Dolan, Welding Journal, Vol. 
35, May 1956, p. 255s-260s. 


TH A.S.M.E. and joint A.P.L- 

A.S.M.E. codes are based on 
static loading conditions and reflect 
years of practical experience. One 
major factor not covered by codes 
is the rational procedure for design 
and fabrication where fatigue fail- 
ures may occur. The purpose of this 
article is to point out some of the 
difficulties inherent in the interpre- 
tation of fatigue data for inclusion 
in design procedures and to indicate 
why careful consideration must be 
given to the possibilities of fatigue 
failure in vessels subject to repeated 
loadings. 

High-strength materials and im- 
proved methods of calculating local- 
ized stresses have led to a demand 
for reappraisal of codes and modifi- 
cation to allow increased design 
stresses. Currently empirical code 
formulas result in local yielding un- 
der hydrostatic tests. Under static 
loading this is safe but high localized 
stresses and secondary bending 
stresses exceeding the yield point 
would cause progressive failure after 
a large number of repetitions of 
loading. The major uncertainty for 
many vessels operating at room or 
slightly higher temperature is re- 
sistance to fatigue. Bridges, marine 
vessels and similar structures have 
been known to experience catas- 
trophic fatigue failure. Obviously, 
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Guaranteeing this dependability is today, more than ever, o a 

job for radiography. 

Today’s metal worker Ger oft tite. 

radiographic needs. And more and more metalworkers are 

ANSCO SUPERAY “‘A’’—Fast industrial x-ray 
; han will record readable images in minimum times. For ex- 

ample, a 6” piece of steel be penetrated in less than 2 ae 

minutes using Cobalt-60! me: 

ANSCO SUPERAY “‘B’’—Extreme 

and discontinuities. 

ANSCO SUPERAY high film makes 

work of routine inspection, can give 


4 Meeunaiiitan * A Division of General Aniline & Film 
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Ansco. 


The ALINCO Model 
i 625 High Rate Tensile 
+ and Compressive Tester 
<F provides a single stress-strain record 
sn that gives the designer deformation rate, ulti- 
o mate yield, elastic modulus, effect of deformation rates 


and see for yourself! 


1052 West 6th Street 


HIGH RATE TENSILE 
AND COMPRESSIVE 
TESTING 


AT 


6000 INCHES 
PER MINUTE 


on elastic modulus and tensile strength, effect of temperature on 
strength, elongation, etc. Stop by Booth 961-A at the Metals Exposition 


yco ALLEGANY INSTRUMENT COMPANY 
J INC. 


Los Angeles 17, California 


SAVE YOU MONEY -- Since we are able to work to 
lighter sections, PSC all-sheet alloy equipment cost you 
less than cast alloy units. As one of the leading sup- 
pliers of fabricated heat-treat units, PSC also furnishes 
r=, boxes, baskets, pots, trays, etc.; any size, style. 


Send for PSC Heat-Theat Catalog 54 


THE PRESSED STEEL CO. « Wilkes-Barre, Pa. 


Fatigue .. . 


pressure vessels subject to repeti- 
tious loading must make allowance 
for progressive fracture in both de- 
sign and fabrication. This is par- 
ticularly true where increased life, 
frequent large variations in operat- 
ing pressure or temperature, and a 
trend toward greater working stress- 
es are expected. 

For fatigue conditions, damage 
accumulates during each cycle of 
loading and develops at localized 
regions of high stress; it finally 
causes visible cracks to grow, join 
and spread. Invariably, progres- 
sive fracture is initiated by a stress- 
raiser — an abrupt step or recess in 
the surface, such as a drum head, 
bracket or pipe connection. Minor 
discontinuities may lead to drastic 
reduction in fatigue strength. It is 
not uncommon to have fatigue 
strength cut in half by poor design 
details. 

Stress-raisers cannot be avoided 
entirely. Progressive failure can 
begin at them even though nominal 
stresses calculated by the usual for- 
mulas are well below the static 
strength of the metal. In general, 
a vessel safe from the viewpoint of 
static load design would have ade- 
quate resistance to fatigue fracture 
if all severe stress-raisers were elimi- 
anted. For fatigue conditions, the 
localized stresses at abrupt changes 
of section, such as a head junction, 
are the significant stresses that can- 
not be readily computed. By proper 
attention to design details it is fre- 
quently possible to lower the range 
of peak stresses developed. A small 
decrease will give a large increase 
in fatigue life. Thus, if the maxi- 
mum stresses are controlled by elimi- 
nating severe stress-raisers, adequate 
fatigue life can be obtained. 

Laboratory data should be regard- 
ed as qualitative only since fatigue 
strength of forged or hot rolled 
members is only a small fraction of 
that of ground or polished speci- 
mens. In addition, the “size effect” 
further reduces fatigue strength. 
Furthermore, the same metal tested 
in two different machines may give 
different results and it is not unusual 
to have supposedly identical samples 
give fatigue results varying by a 
factor of 10 to 1. In short, the 
fatigue strength of individual pres- 
sure vessels may be lower than that 
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Fatigue .. . 


predicted on the basis of small- 
scale laboratory tests of specimens 
or carefully prepared models. 
Any vessel safe at room tempera- 
ture will be safe at lower tempera- 
tures because fatigue strength of 
steel increases as temperature drops. 
At higher temperatures (above 
700° F.) fatigue strength drops 


drastically and creep becomes the 
primary consideration. The effect 
of stress-raisers at high temperature 
is comparable to that at room tem- 
perature. Creep may reduce local 
stress peaks but does not reduce the 
range of stresses applied in service. 
Corrosion, erosion, and chemical 
attack drastically reduce fatigue 
strength. If stress-raisers and corro- 
sion both are present the damaging 
effects are even greater. Rolled 


Steel sections up to 6" are 
being martempered and sec- 
tions up to 1%" are being 

tempered c cially in 
Ajax Cataract Quench furnaces 


CATARACT” 
QUENCH 
Furnace 


WRITE for Ajax Mar- 
tempering and Austemper- 
ing case history bulletins. 


-..even for steel shapes and sizes 
that couldn’t be austempered or mar- 
tempered satisfactorily before 


The quenching power of molten salt at 400° F. 
and above is tremendously increased by the 
rushing flow created in this unique Ajax “Cata- 
ract” furnace design. As a result, any steel that 
can be hardened satisfactorily by an oil quench 
can now be martempered or austempered in 
salt—with all of the salt bath advantages. 
These include more uniform hardness; so 
little distortion that parts can usually be finish 
machined before hardening; elimination of 
quench cracks; and increased toughness and 
ductility. Also, like all salt baths, Ajax Cataract 
Quench Furnaces are readily mechanized. 


AJAX ELECTRIC COMPANY 
910 Frankford Ave. PHILADELPHIA 23, PA. 
Associates: Ajax Engineering Corp. 

Ajax Electrothermic Corp. 


plate having a pitted surface or 
laminations should be regarded as 
exceedingly harmful from the view- 
point of fatigue. Arc strikes and 
underbead cracking also are sources 
of fatigue failure. It is estimated 
that these defects reduce fatigue 
strength by 30%. 

Any design for fatigue resistance 
must rely on better and more com- 
plete analysis of peak stresses at dis- 
continuities. While fatigue resist- 
ance tends to increase with the static 
strength of steel, the relationship is 
not a linear one. Therefore, there 
is a limit to what may be expected 
by changing to higher tensile 
strength steels. It should be pos- 
sible to avoid fatigue failure in most 
classes of pressure vessels by the 
use of fatigue data from studies that 
closely simulate service conditions, 
by eliminating bad design details, 
by better methods of stress analysis 
and by adequate inspection to insure 
against defective material and poor 
workmanship. 

H. J. 


Metallurgical Problems 
in Nuclear Power 


Digest of “Metallurgical Re- 
search in Nuclear Power Pro- 
duction”, by J. G. Ball, Journal 
of the Institute of Metals, Vol. 
84, March 1956, p. 239-250. 


T= UNIQUE SERVICE conditions 

and the unusual materials which 
must be used serve to differentiate 
nuclear metallurgy from any other 
branch of metallurgical endeavor. 
Regardless of the specific type of 
nuclear reactor, the associated metal- 
lurgical problems can be considered 
under the general headings dis- 
cussed below. 
Irradiation Stability 

Several broad effects are generally 
associated with fission. These are: 
(a) formation of interstitialcies and 
vacancies by neutron bombardment 
and collision by fission fragments, 
(b) internal stress systems, possibly 
accompanied by plastic deformation 
due to intense local heating around 
the fission fragment track, and (c) 
an increase in the number of atoms 
present with a tendency to a de- 
crease in density. 

The effect of the fission spike in 
uranium is to lead to anisotropic 
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Take the one in the second row! 


production “know-how” used in manufacture. Special melt- 
ing practice (with the best materials), unique casting process 


. .. or the last tray in the first row. It makes no difference 
because each one of these ACCOLOY three-point suspen- 
sion trays will give better service than ordinary trays. Why? 
Because they were ENGINEERED to do a better job. Close 
study of the design shows many features for improved 
service—tubular sections for greater strength in pushing 
heavy loads, full radius edges, specially cored intersections 
for better fatigue life, pivot design unequalled for strength 
and stability. Not visible—but equally important—is the 


controls for maximum soundness and uniformity, meticulous 
attention to grain size control—these items represent major 
life improvements in service, and lower cost. 

The same engineering and production skills are also 
available for stainless and corrosion-resistant castings. Our 
engineers will be glad to confer with you—without any 
obligation, of course. 
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1700 W. Washington 
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HARDNESS CONVERSION CHART 


For Every Shop That Does 
Hardness Testing _This latest and most nearly accu- 


version 
testing is done. It _ been com- 
piled and produced by CLARK, 
makers of the internationally re- 
spected Hardness Tester 
for “Rockwell Testing.” Printed on 
heavy stock convenient for wall 
, the chart is offered 
free of charge to hardness tester 
users. Just attach this ad to your 
or Ay. “Send wall 
chart.” will be mailed to 
you without ge or obligation. 


P.S. If you would also like in- 
Testers, 
a = glad to send that along 


CLARK 
INSTRUMENT 
INC. 

10202 Ford Road 

Dearborn, 


U.S.A. 


Make Faster, 
More Accurate 


Brinell 


Portable Brinell Tester 


Large cumbersome parts can be tested more accurately with a portable machine. 
Samples for testing cannot always be cut, and without elaborate fixturing, heavy 
parts may drag when tested with a stationary testing machine, leaving an inac- 
curate oval impression. The King Portable Brinell Hardness Tester saves handling 
and set up time, permits fast accurate readings, and is so versatile, it soon pays 
for itself many times over. Weighs less than 30 pounds. 


Write for Complete Description and Specifications 


KING TESTER CORPORATION 


446 NORTH 13th STREET PHILADELPHIA 23, PA. 


Nuclear Power... . 


deformation which ultimately causes 
wrinkling on the previously smooth 
surface in a randomly oriented poly- 
crystalline aggregate or growth of 
the sample with marked texture. 
These effects can be reduced by use 
of a randomly-oriented fine-grain 
material. This can best be achieved 
by 8-quenching. The decrease in 
density (swelling) appears to be 
due to the fission-product inert 
gases. Attempts have been made, 
rather unsuccessfully, to eliminate 
this by using loose-sintered powder 
compacts with a high degree of inter- 
connected poresity. Mechanical in- 
hibition of swelling by a sufficiently 
strong can is feasible but only with 
an increased loss of neutrons. Dis- 
persion of fuel in a nonfissile matrix 
is also feasible but requires a matrix 
of low absorption cross section. 
Ceramics may be more stable under 
irradiation than metals but have a 
tendency to become brittle and thus 
susceptible to failure under thermal 
stressing. Nuclear poisoning can be 
reduced and swelling eliminated by 
using liquid fuels but these introduce 
other problems which are covered 


below. 


Thermal Stability 


Thermal instability of fuel ele- 
ments within a reactor arises from 
several sources: (a) chemical or 
diffusion interaction between fuel 
and cladding, (b) mechanical inter- 
action between fuel and cladding 
on repeated thermal cycling, (c) 
repeated thermal cycling of the fuel, 
and (d) thermal stresses caused by 
temperature gradients. 

Although barrier layers, such as 
uranium-aluminum, have been effec- 
tive in preventing reaction between 
fuel and cladding, this causes con- 
siderable temperature drop at the 
interface which is not acceptable 
for reactors with high power ratings. 
Ample opportunity exists for re- 
search into solid-state reactions be- 
tween uranium and possible clad- 
ding materials. The difference in 
thermal coefficient of expansion gives 
rise to “thermal ratcheting” under 
thermal cycling. One solution is 
the use of a very strong can which is 
impractical because of excessive 
thickness. A more practical solu- 
tion is a metallurgical bond between 
fuel and cladding, but such bond 
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RULES FOR ENTRANTS 


Exhibitors do not need to 
be members of the American 
Society for Metals. 


Work which has appeared 
in previous metallographic 
exhibits held by the Amer- 
ican Society for Metals is un- 
acceptable. 

Photographic prints should 
be mounted on stiff card- 
board; maximum dimensions 
14 by 18 in. (35 by 45 cm.). 
Heavy, solid frames are un- 
acceptable. 

Entries should carry a lab- 
el on the face of the mount 
giving: 

Classification of entry. 

Material, etchant, mag- 
nification. 

Any special information 
as desired. 


The name, company affilia- 
tion and postal address of 
the exhibitor should be placed 
on the back of the mount. 


Entrants living outside the 
U. S. A. should send their 
micros by first-class letter 
mail endorsed “Photo for 
Exhibition—May be 
for Customs Inspection”. 

Exhibits must be delivered 
before Oct. 15, 1957, either 
by prepaid express, regis- 
tered parcel post or first- 
class letter mail, addressed: 


Metallographic Exhibit 
American Society for Metals 
7301 Euclid Ave. 

Cleveland 3, Ohio, U.S.A. 


MARCH 1957 


Notable Coincidence 


tallurgical Congress 


Entries Will Be Expected From 
All Over the World— 
—Display Your Best Work 


CLASSIFICATION OF MICROS 
(Optical and Electron) 


Class 1. Irons and steels. 

Class 2. Stainless steels and 
heat resisting alloys. 

Class 3. Aluminum, magnesi- 
um, beryllium, titanium 
and their alloys. 

Class 4. Copper, nickel, zinc, 
lead and their alloys. 

Class 5. Uranium, plutonium, 
thorium, zirconium and re- 
actor fuel and control ele- 
ments. 

Class 6. Metals and alloys not 
otherwise classified. 


Class 7. Series showing tran- 


processing. 

Class 8. Welds and other join- 

methods. 

Class 9. Surface coatings and 
surface phenomena. 

Class 10. Results by unconven- 
tional techniques (other 
than electron micro- 


graphs). 
Class 11. Slags, inclusions, re- 
fractories, cermets and ag- 


gregates. 

Class 12. Color prints in any 
of the above classes. (No 
transparencies accepted.) 


AWARDS AND OTHER INFORMATION 
A committee of judges will be be ps wy by the Metal Con- 


nn management which will aw 
lue 


a First Prize (a medal and 


ribbon ) to the best in each classification. Honorable Men- 
tions will also be awarded (with appropriate oe to other 
see gf 7 which, in the opinion of the judges, closely ap- 


proac 


e winner in excellence. A Grand Prize, in the form 


of an engrossed certificate and a money award of $100, will also 
be awarded the exhibitor whose work is judged best in the 
show, and his exhibit shall become the yopety of the American 


Society for Metals for preservation an 


display in the Society's 


national headquarters in Cleveland. 

All photographs may be retained by the Society for one 
year and placed in a traveling exhibit to the various Chapters. 
They will be returned to the owners in May 1958 if so desired. 


Metallographic Exhibit 


Chicago, Illinois, November 2 to 8, 1957 
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MISCO 
DESIGN and FABRICATION 
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MISCO FABRICATORS, INC. 
Designers, Bustders. Fabricator Heat Resisting Alloy 
and Staintess Steel 
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Nuclear Power... . 


properties are not fully understood. 

Cladding Materials — Aluminum 
has been extensively used because of 
low absorption cross section, ready 
availability and comparative ease 
of fabrication. For higher tempera- 
tures other materials must be con- 
sidered. The required special prop- 
erties of high-temperature strength 
and compatibility with coolant and 
fuel require the investigation of 
such elements as columbium, zir- 
conium and beryllium. Each of 
these presents problems in extrac- 
tion, alloying for improved creep 
strength and ductility, and fabrica- 
tion. The Zr-Sn, Zr-Al and Zr-Mo 
systems merit additional investiga- 
tion for creep properties. Present 
results favor the Zr-Sn and Zr-Al 
systems. Beryllium is very desir- 
able from the nuclear viewpoint but 
has very low ductility at room tem- 
perature, a problem for which no 
solution has yet been found. The 
major problems with beryllium ap- 


pear to be related to large-scale 
production and economical fabrica- 
tion. The toxicity problem further 
complicates the picture. 


Corrosion 

Corrosive action occurs in aque- 
ous, gaseous, liquid metal and fused 
salt media. The use of zirconium for 
reasons of neutron economy, where 
stainless steel would have satisfied 
the corrosion requirements, has 
spurred research into consumable 
are methods of melting and alloying, 
with much effert still required. An- 
other major problem still unsolved 
is the “breakaway” corrosion of zir- 
conium, in which the attack rates 
suddenly increase after a relatively 
inert period of a few hours to hun- 
dreds of days. Much additional 
work, with considerable emphasis 
on “in-pile” experiments, is required. 
Aluminum-nickel alloys are being 
investigated as possible replacements 
for zirconium in pressurized water 
reactors. 

Liquid metal corrosion is not elec- 
trochemical in nature but is primar- 
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terials. Only the JAco Ebert embodies 
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results plus simplicity of operation never 
before attained in so versatile a spec- 
trograph. Normal peak analytical limits 
are easily extended through use of op- 
tional Order Sorter. 

Learn more about the JAco Ebert — 
write today for free 8-page catalog. 


resolution for line interter- 
ence, line shape, self-reversal; for 
isotopic analyses. 


Simple: Easily operated by non-tech- 
nical personnel. 


: Greater reliability, 
satility . . . eliminates 
adjustments. 


Wide Coverage: With 20" camera, 
single exposure records — at high dis- 

ion — the most sensitive lines of 
all metallic elements (except alkalies). 


Stes) Jarrell-Ash Company 
22 Farwell Street, Newtonville, Massachusetts 
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Nuclear Power .. . 


ily a problem in “mass transfer” in 
which the metal being corroded is 
dissolved in the liquid metal in the 
high-temperature portion of the 
circuit and precipitated out in the 
low-temperature portion. This mass 
transfer by solubility changes can 
be minimized by promoting stable 
intermetallic compounds between 
liquid and solid. For instance, addi- 
tion of zirconium to a dilute solu- 
tion of uranium in bismuth inhibits 
mass transfer by the formation of 
zirconium nitride on the surface of 
steel structural components. 


Fabrication — Although most of 
the nuclear metallurgy research is 
devoted to fabrication, many prob- 
lems are more of a development than 
research nature. All possible tech- 
niques are dominated by the high 
reactivity of the metals involved. 
Much work is being done with in- 
tegral cladding, in which the fuel 
and cladding are completely bonded 
together, eliminating welding. Pow- 
der metallurgy methods offer both 
flexibility and excellence but the 
high reactivity of the materials, com- 
bined with the large powder surface 
areas, requires meticulous control. 
Direct extrusion of powders at high 
temperatures has given good qual- 
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AIRLESS SPRAY COATING! 


Bede Products Corporation, Am- 
herst, Ohio is showing the most 
revolutionary Coating and Painting 
development of the past 50 years. 


See this new system on demonstra- 
tion. Heat and pressure now makes 
it possible for you to finish your 
product at less cost. The Bede 
Airless Spray Coating System can 
save you time, labor, material and 
auxiliary equipment expense. See 
how it works. You'll be amazed. 


BEDE PRODUCTS CORPORATION 


Subsidiary of U.S. Automatic Corp. 
Jackson St. Amherst, Ohic 


ON DISPLAY 
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WESTERN METAL SHOW 
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BARON INDUSTRIES 


241 West Ave. 26 
Los Angeles 31, Calif. 


ity solid metal. This method has 
been extended to produce struc- 
tures otherwise unobtainable — for 
example, the uranium to uranium- 
carbide cermet. 


Alloys and Physical Properties 

The complex electronic structures 
of the refractory metals, zirconium, 
columbium, and molybdenum and 
the fuel metals, thorium, uranium 
and plutonium can be expected to 
give different behavior than’ the 
simple metals such as sodium and 
copper or even the transitional metals 
such as the iron group. Work is 
being conducted on solid solutions 
of zirconium, columbium and molyb- 
denum in §-U, both on solubility 
limits and magnetic susceptibilities, 
in the hope of developing a theory 
explaining the solution behavior and 
to determine the low-temperature 
electronic specific heats. 

The available evidence indicates 
that there is a very delicate balance 
between the alternative electronic 
arrangements possible for elements 
in the neighborhood of uranium and 
plutonium, so that a given metal 
may show different valences accord- 
ing to circumstances, such as its 
atomic environment in the alloy, 
chemical compound, or even allo- 
tropic form. The physical behavior 
of plutonium is particularly com- 
plex with six allotropic modifications, 
one of which has a negative thermal 
coefficient of expansion. Several 
explanations have been suggested 
for this and experimental work is 
continuing in an effort to provide 
full explanation. 

Additional work is being done in 
diffusion studies which may lead to 
a partial explanation of “swelling”. 
Neutron diffraction techniques are 
being used to determine the atomic 
positions in an alloy of neighboring 
transition elements and in magnetic 
moment studies. A relatively novel 
field of alloy study is in slurry fuels 
and blankets. Slurries can be made 
by cooling an alloy from the liquid 
to a temperature between the liquid- 
us and solidus or by suspending in- 
soluble particles in a liquid. Pos- 
sible useful metallic slurry systems 
are Pb-U, Bi-U and Bi-Th. Studies 
of the effect of temperature change 
with the. accompanying changes in 
particle size, shape and distribution 
and their effect on pile operation are 
being intensified. 

C. O. Smirn 
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W. A. Mays and G. J. Matey, North Ameri- 
can Aviation, Inc. 


FORMING OF TUBULAR STOCK 
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GRINDING OF TITANIUM 
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Economics of Using Titanium 
Resistance Welding 
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Metals men who need better knowledge of titanium alloys—men who 
really want to get ahead in this new and promising field—cannot afford to 
miss the TITANIUM CONFERENCE! Through its Metals Engineering 
Institute, the American Society for Metals is conducting a five-day confer- 
ence on present day problems in the Titanium field at Los Angeles, March 
25 through March 29, 1957. This is a unique opportunity to get the latest 
information on titanium. Registration fee of $125 for the entire course 
covers daily lunches and study materials, which include the new ASM 
Titanium Course. 


BRING YOUR THINKING UP TO DATE 

There’s still a lot that you can learn about titanium. The lectures offered 
at this conference, coupled with the exchange of ideas at three panel 
discussions will help to bring your problems into focus. Exami.e the topics 
at the left, and you will be convinced that the TITANUM CONFERENCE 
will help you modernize your thinking and improve your understanding of 
mechanical working, fabrication techniques, and new alloys, some of which 
have not yet reached the production stage. 


LET'S TAKE ACTION 
You should know what’s going on in your field when it comes to titanium. 
Top men in the field will present informal lectures at the conference. Your 
next move should be clear—place your registration in the mail WITHOUT 
DELAY, or send for full information AT ONCE. Use convenient coupon. 


TITANIUM CONFERENCE 


Metals Engineering Institute, Dept. MP 
7301 Euclid Ave. 
Cleveland, Ohio 
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Detroit’s high-speed automobile body presses are 
busier than ever turning out body components for 
today’s modern-design cars. More intricate door 


TOD A Y’sS NEW AUTOMOTIVE and fender sections of the new models demand a 


steel of the highest quality that can take the re- 


DESIGNS DEMAND THE quired deeper draws in its stride. Without ques- 


tion, that steel is Youngstown Cold Rolled Sheets 
BEST STEEL OBTAINABLE and Strip—the best available anywhere. 
Youngstown blends the required combination of 
surface finish, tensile strength and ductility into 
every sheet, to provide you almost continuous 
pressings of even the most difficult-to-form parts. 


Youngstown Sheets Also, metallurgical quality never wavers from 


4 tions from ore mining to shipping dock are rigi 

and Str tp quality-controlled by experts with over half-a- 
century of steelmaking know-how. 
On your next order specify Youngstown Cold 
Rolled Sheets and Strip and join the ranks of our 
satisfied customers who tell us: “Our production’s 
up—Rejects down—Fabrication costs lowered.” 
Why not call your nearest Youngstown District 
Sales Office today, for metallurgical aid or addi- 
tional information—or write directly to our 
Home Office. 


THE YOUNGSTOWN SHEET AND TUBE COMPANY 


General Offices - Youngstown 1, Ohio 
District Sales Offices in Principal Cities 


Producers of Quality Carbon and Alloy Steels for Over Half-a-Century 
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41 Speedomax® H Controllers 
Reduce Overshoot...Speed Recovery 


Here are only some of the creep rupture ma- 
chines and Speedomax controllers at Wyman- 
Gordon, Worcester, Mass. To meet government 
specs for jet plane forgings made of titanium and 
special alloy steels, Wyman-Gordon has installed 
2 banks of creep rupture testing furnaces with 
space-saving Speedomax H proportioning control. 
This combination assures them of quality control 
on a production basis . . . permits them to turn 
out part after part which will meet the stresses 
induced in jet propelled aircraft. 

To keep production moving, Speedomax H 
D.A.T. control enables operators to bring furnaces 
up to temperature in minimum time. Rate of ap- 
proach, in most cases, eliminates overshoot .. . 
speeds recovery time after sample change. By 
continuously regulating heat input in proportion 
to furnace needs, this Speedomax H control holds 
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on Creep Rupture Machines 


temperature of furnaces within +2 F and in addi- 
tion, eliminates the need for manually readjusting 
auto transformers. 

Additional instrumentation includes four mul- 
tiple-point Speedomax G recorders for each bank 
of furnaces, and 80-point and 76-point Model 
D Speedomax G indicators for checking furnace 
temperatures at any time from a central location. 

Why not investigate Speedomax H when in- 
stalling your next heat treating furnace—whether 
it’s electric or fuel-fired, continuous or batch. A 
phone call or letter to your nearest L&N office 
—or to 4927 Stenton Ave., Phila. 44, Pa.—will 
bring you more information. 


i 
LEEDS IN NORTHRUP 


Instruments Automatic Controls Furnoces 
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Quarter-inch steel plate is melted with 
an acetylene torch, but the supporting 
ALFRAX® BI brick stays cool enough to 
be held by hand. 


The problem of heat insulation at extreme temperatures is solved 
by two of Carborundum’s refractories: 

One is made of fused alumina “bubbles” or hollow spheres, 
bonded and high fired. These selected bubbles give proper bal- 
ance between the number of surface temperature drops and total 
pore space (about 65% porosity) to effectively decrease heat 
flow between hot and cold faces. The alumina imparts high hot 
strength to the finished refractory, trade-marked ALFRAX BI. 
Under a load of 1242 psi and a temperature of 2732° F held for 
1% hrs., less than 1% contraction occurred. No contraction 
whatever developed in 5 hour reheat tests at 3092° F. This com- 
bination of properties makes ALFRAX BI refractories unique in 
their ability to insulate at temperatures where other materials 
are impractical. 

The other is FIBERFRAX® ceramic fiber, produced by blowing 
an alumina-silica fusion. Among its properties are high insulat- 
ing values, light weight, resiliency, and corrosion resistance. All 


CARBORUNDUM 


Registered Trade Mark 


Refractories...for really high temperature insulation 


are retained at 2300° F. In some cases, this fiber can be used suc- 
cessfully up to 3000° F. It is supplied in long and short staple, 
rope, board, paper, block, blanket, etc. 

These products are but two of the many super refractories 
pioneered by Carborundum. Among them you are almost certain 
to find answers to your refractory and high-temperature prob- 
lems. For help, fill in and mail this coupon today. 


MAIL THIS COUPON TODAY -—————- 


The Carborundum Company, Perth Amboy, N. J., Dept. M37 
Please send me: 

(CD Forthcoming issue of Refractories Magazine 

[) Bulletin on Properties of Carborundum’s Super Refractories 


Refractories Division, 
| 


(CD Here is a description of my high temperature problem. 
Can you help me? 


Name Title 


ah 
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HOWARD FOUNDRY’S Quality Control Manager John F. Pillifant (center) and X-ray De 
with J. A. Reburn of DuPont. They discuss radiograph of castings made 


rtment Foreman Joseph Trempala (seated) are pictured 
on , easy-to-read Du Pont Type 510 Industrial X-ray Film. 


“Our heavy output of castings demands the consistency 
and speed of Du Pont x-ray film” 


TECHNICIAN positions castings for radio- 
graphic examination. Fine grain and wide 
latitude of DuPont x-ray films simplify 
detection of minute flaws. 


—says Quality Control Manager John F. Pillifant, Investment 


Casting Division, Howard Foundry Co., Milwaukee, Wisconsin. 


Howard Foundry is a major supplier 
of investment castings to the aircraft 
and automotive industries. To insure 
a faultless product, radiographic ex- 
amination is used routinely. 

Mr. Pillifant reports: “We turn 
out hundreds of castings a day and 
each must pass rigid standards. Be- 
cause of their uniformity and fine 
grain, Du Pont x-ray films assure 
us of good radiographs. We stake our 
company’s reputation on x-ray ex- 
amination and know we can depend 
on Du Pont x-ray films to give us 
complete protection!” 

X-ray Department Foreman Jo- 
seph Trempala adds: ‘Du Pont 
films resist abrasion in rough han- 
dling, and that’s particularly impor- 
tant when we are checking quality 
of metal from .013 to 1.25 inches. 
We can always count on accurate 
readings with Du Pont x-ray films. 


“We like the packaging of Types 
506 and 510 N.LF.*, too. The non- 
interleaved feature not only elimi- 
nates darkroom clutter, but also 
speeds cassette loading.”’ 


FOR MORE INFORMATION, 


contact the nearest Du Pont Sales Office (listed 
below) or the Du Pont Company, Photo Products 
Department, Wilmington 98, Del. In Canada: 
Du Pont Company of Canada (1956) Limited. 


DISTRICT OFFICES: 


Los Angeles 38, Calif. . 


°N.1.F.—Non-interieaved Flim 


us. var orf 
BETTER THINGS FOR BETTER LIVING 
..-THROUGH CHEMISTRY 


DU PONT X-RAY PRODUCTS 


| use 
¥, 
il 
y 
4 Chicago 30, 4560 Towhy Avenue, Lincolnwood 
Cleveland 16, 20980 Conter Ridge Rd, 
> Dallas 7, Texas... 628 Ook Lawn Avenue 
_ 


High-Temperature 
Strength of Aircraft 
Structures 


Digest of “Investigation of the 
Compressive Strength and Creep 
Lifetime of 2024-T Aluminum 
Alloy Skin Stringer Panels at 
Elevated Temperatures”, by El- 
don E. Mathauser and William 
D. Deveikis, National Advisory 
Committee for Aeronautics, 
Technical Note 3647, May 1956. 


INCE AIRCRAFT STRUCTURES are 
subjected to elevated tempera- 
tures during high-speed flight, a 


knowledge of the elevated-tempera- 
ture strength and creep lifetime of 
structural components is becoming 
increasingly important. Studies have 
been made previously by the Na- 
tional Advisory Committee for Aero- 
nautics to obtain experimental data 
on elevated-temperature strength 
and creep behavior of plates and 
multiweb box beams. The present 
investigation of skin stringer panels 
is a continuation of the previous 
program. 

Compressive strength tests were 
made at room temperature and 
400° F., and creep tests were per- 
formed at 400° F. The experimen- 


Rotary File Hardening Simplified 
At GROBET FILE CO. 


“The Sentry Diamond Block Atmosphere Makes the Difference” 


Su Grobet File Co. of America, Inc., Carlstadt, New Jersey has 
eliminated spoilage in the hardening of its fine quality 
high-speed rotary files by use of Sentry equipment. 

Sharp cutting edges formed by impact on chisel cut files are protected 
by the Sentry Diamond Block Atmosphere through the hardening cycle. 


DIAMOND 
Block 


No further sharpening is required. 


Sentry furnaces employing the automatic Diamond Block atmosphere 
control require no analysis or regulation of furnace atmosphere. Consistent 


high quality hardening is assured. 


Visit us at Western Metals Show * Booth 120 * March 25-29 


entry 


TRADEMARK 


® Request CatalogH-33> Write THE SENTRY CO., FOXBORO, MASS. 


tal results of the strength tests com- 
pared satisfactorily with predicted 
strengths obtained from methods 
given in the literature for estimating 
crippling strength of short panels 
and for predicting column strength 
of long panels. 

In conducting the creep tests, all 
panels had been exposed at 400° F. 
for 10 hr. prior to loading. This 
exposure produced relatively stable 
material properties that would not 
be altered appreciably by additional 
exposure for short periods at the 
same temperature. Inasmuch as the 
creep tests were of short duration, 
the observed behavior of the panels 
was assumed to reflect structural 
behavior independent of significant 
changes in material properties. 
Buckles were produced in the skin 
of all panels immediately upon 
loading. The buckles increased in 
depth during the creep tests and 
were accompanied by lateral deflec- 
tion of the stiffeners until collapse 
occurred. The results of the creep 
tests indicated that a progressive 
decrease in applied stress of as little 
as 3% could increase panel lifetime 
by a factor of five times. 

A study was also made to deter- 
mine whether compressive creep 
curves in the form of time-depend- 
ent stress-strain (isochronous) curves 
could be used to predict panel life- 
time. Similar time-dependent stress- 
strain curves had previously been 
used by the authors for determining 
creep lifetime of plates. In order 
to establish time-dependent stress- 
strain curves in the present investi- 
gation, compressive creep curves 
for the 2024-T3 aluminum alloy 
sheet at 400° F. were obtained from 
plate specimens tested in grooved 
fixtures. For the short panels, time- 
dependent stress-strain curves were 
used in conjunction with methods 
that are available for determining 
crippling strength. For longer 
panels, stresses that produce creep 
failure were determined by using 
both time-dependent _ stress-strain 
curves and the curve for experi- 
mental-average stress versus unit 
shortening from a short panel. 

Additional experimental creep 
data for panels of other cross sec- 
tions and different materials will be 
needed to determine whether these 
methods will be satisfactory for gen- 
eral application in predicting panel 
lifetime. A. AusTIN 
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One of several demonstrations we will have at the 
Western Metal exhibit will show the exceptional 
resistance of Kentanium to oxidation at elevated 
temperatures. (Note the accompanying report of a 
recent test.) This suggests how well Kentanium 
will perform at 2000°F. Come in and see this dra- 
matic demonstration. It quickly demonstrates one 
of the many unique properties of Kentanium and 
may suggest applications where it can help you. 


...$ee these other demonstrations 


1 THERMAL SHOCK: Another demonstration will 
show the effect on Kentanium when first heated 
to 2000°F and then cooled to 300°F in approxi- 
mately one minute. Be sure to see it. 


2 HIGH MODULUS: This demonstration shows the 
high rigidity of Kentanium—approximately twice 
that of the hardest steel alloy. Kentanium has the 
highest stiffness to weight ratio of any material. 


3 WEAR-RESISTANT properties of Kentanium while 
heated to a high temperature and subjected to 
severe wear conditions. 


...and see these high purity 
(99.5%) metals and compounds 


Columbium (Niobium)— powders, granules and bars 
Columbium (Niobium) Oxide 
Tantalum + Tantalum Oxide * Various Carbides 


See the KENTANIUM Demonstrations 
... How this titanium carbide PERFORMS at 2000°F 
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KENTANIUM unharmed at 2000°F 
while heat-resistant 
nickel-chrome alloy disintegrates 


Here’s proof of Kentanium’s exceptional resistance to 
oxidation at high temperatures. 

A square of K161B Kentanium and a similar square of 
well-known, heat-resistant 35 chromium-15 nickel alloy 
were exposed for 120 hours in an unsealed muffle furnace 
heated to 2000°F. The accompanying photographs 
vividly show how each piece was affected. While Ken- 
tanium (See “‘A’’) is still good for hours of exposure at 
high temperatures, the nickel-chrome alloy (See “B’’) has 
oxidized badly and has begun to disintegrate. 

Combined with its high resistance to oxidation, Ken- 
tanium has great strength and resistance to corrosion. 

These characteristics suggest how well Kentanium will 
perform in such applications as furnace parts, heat- 
treating fixtures, quench guide rings, turbine blades, 
nozzle vanes, bushings 
and other parts where 
strength at high temper- 
atures, plus high resis- 
tance to oxidation, are 
factors. 


c-s0'16e8 


Visit the KENNAMETAL Exhibit... 
Western Metal Congress and Exposition, Pavilion *4, | 
Booth “1421, Los Angeles, March 25 to 29 

B 
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KENNAMETAL 


New Creep 


Rupture Testing 
Machine 


loads specimen to 20,000 Ib. 
under adjustable temperature 
to 2,200 degrees F. 


WEIGHT is applied by a precision way guided draw 


head that eliminates torsional strain and axial mis- 


alignment on the .050-in. diameter specimen. This 
is an exclusive Arcweld design. Self-aligning grips 
are heat-resisting alloy. Takeup is motorized, manual 
or automatic. Counterbalance weights rest on a 
manually-adjustable platform within the machine 


housing. 


FURNACE is our Type-X for 220-volt single-phase 
ac. It is designed for five-zone operation, is wound 
with Chromel or Kanthal resistance wire for opera- 
tion to 2,200 deg. F. It measures 12 in. 0.d., 434 in. 
id., 22 in. in height. 


CONTROL of lever arm null position is electronic. 
Furnace temperature control is by a Powerstat and 
individual rheostats for each of the five temperature 
zones. 


APPLICATION is primarily for research in atomic 
energy to determine behaviour of metals in the 
presence of radio-active substances at elevated 
temperatures. The machine can be supplied with 
salt-bath fixtures for such applications. 12,000, 16,- 
000 and 20,000 Ibs. 


Send for bulletin, "Model XJ" 


New Relaxation Tester! New Rapid Heat Testing System 
for Guided Missile Work and Weld Ductility Tests! 


ARCWELD MFG. CO. 


Grove City, Pa. ® Phone: 1470 
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NATIONAL ENGINEERING SERVICE 


on 
Heat and Corrosion Resistant Castings 


General Alloys Company products are backed 
by a national engineering service offering un- 
excelled mechanical and metallurgical Heat and 
Corrosion Resistant Alloys for all Defense and 
Industrial applications. 


is no substitute for Experience”’ 


GENERAL ALLOYS BRANCH OFFICES AND REPRESENTATIVES 


BALTIMORE, Marytand CHICAGO, IMinols DETROIT 2. Michigan MINNEAPOLIS 8, Mina. MUNCI nadiana 
Emi} Gathmanna, ir. General Alleys Company General An Company Warren L. Eckland by} George 0. Desautels Co. 
513 Park Avenue Edward T. Connolly Don B. H ns 2828 Lyndale Ave South P.0. Box 
224 S. Michigan Ave. 3-147 General Motors Bidg. 405 Wysor Block 
. Ohle FORT WAYNE &, Indiana LOUISVILLE 7, Kentucky NEW ENGLAND 
4903 venue 
812 Tacoma Ave. 2254 Euolid Ave. 2906 inn West Con er, Wen. 
DENVER, Ceterege HOUSTON 3, Texas DIANAPOLIS 8. Indiana new YORK 7. York 
Tracy 6. Jarrett. Brice Co. The George 0. Desautels Co. "General Alleys Co. 
merican Life Bide. Bastres St. P.O. Box Church Strat” 
' PITTSBURGH (5, Pa. 
ne. 
Pa Sharpsbere 15, Pa. 3163-65 Morganford R 
405 WEST FIRST STREET BOSTON, MASS. 


“OLDEST AND LARGEST EXCLUSIVE MFRS. OF HEAT & CORROSION RESISTANT CASTINGS” 


QUALITY NAMES IN. 


HEAT T CORROSION ABRASION 


Versatility of furnace brazing is shown in these Thin sections can be joined to heavy sections to produce 


applications. Complex assemblies like the cam-and- light-weight rigid structures without sacrificing strength 
gear cluster on the left can be fabricated from or inducing local distortion. Honeycomb structure at top 
punched laminations brazed securely in a General center weighs about one fourth as much as solid assembly 
Electric mesh-belt furnace. Required contours are ob- of same rigidity. It is typical of design improvements 


tained without expensive machining from solid stock. made possible by brazing in General Electric furnaces. 


hoa 


Continuous production of small parts in this General Electric Automatic charging, and discharging and return con- 
mesh-belt furnace is carried out by loading assemblies directly veyors of this General Electric roller-hearth furnace 
on the belt. Protective atmosphere equipment, at right, elimi- make it almost self-operating, reduces handling 
nates need for flux in most cases, keeps parts clean enough to be costs. G-E roller-hearth furnaces handle heavy 
passed directly from the furnace, without cleaning or pickling. assemblies and are well suited for automated lines. 


GENERAL ELECTRIC SELLS 
A COMPLETE LINE OF 
HEAT PROCESSING EQUIPMENT 


FURNACES » METAL-SHEATH » INDUCTION 


Cylindrical Pit Roller Hearth 


ae 
; 
Box Elevater 


4 


Two or more metals can be joined, as 
in the bellows housing shown above. The 
steel flange is furnace-brazed to a brass 
shell, using preplaced rings of silver 
brazing alloy. The desirable qualities of 
each metal are retained. 


Development work is done in this 
General Electric box furnace, which 
could also be used for job-lot produc- 
tion. Low in first cost, General Electric 
box furnaces need little maintenance. 


Mesh Belt 


Rotary Hearth 
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Produce Complex Assemblies 
Faster and at Less Cost with 


General Electric 


General Electric furnace brazing speeds 
production of really ‘“‘tough” assemblies— 
and often does it at less cost than you 
can do it by your present methods. 


For example, here are three types of 
work where you can improve production 
with furnace brazing. 


You can make complex assemblies from 
already formed components, and save 
both material and machine costs. 

You can make assemblies of two or more 
different alloys without changing the 
desirable characteristics of either. 

You can join thin sections to heavy sec- 
tions without sacrificing strength or in- 
ducing local distortion. 

These characteristics of furnace brazing 
can be used in a number of widely 
different production setups. And General 
Electric’s complete line of furnaces and 
associated equipment lets you pick the 
proper furnace to introduce furnace braz- 
ing into your particular setup—econom- 
ically, efficiently. 

Cost reductions are typical with furnace 
brazing because labor content per assem- 
bly goes down while output goes up. 
Waste is reduced since assemblies can be 
built up of components instead of being 


Furnace Brazing 


machined from solid stock. Uniformity of 
results frequently leads to reduced in- 
spection costs. 

Improved products are the rule with 
furnace brazing. Life of assemblies is in- 
creased because joints have high strength, 
resist vibration and impact, and are uni- 
formly tight. Assemblies show little or 
no distortion, since they are free from 
localized strains. They present a good 
finished appearance without afterwork 
because the brazing alloy forms neat 
fillets. Also protective furnace atmos- 
pheres eliminate formation of oxides and 
do away with the need for flux in most 
cases. 

Increased production over other joining 
methods is possible, since many joints 
can be brazed simultaneously. Furnace 
brazing is adaptable to continuous pro- 
duction, with increasing output. 

For a careful analysis of your furnace 
brazing needs call your General Electric 
Heating Specialist. Ask him to show you 
how you can benefit by using furnace 
brazing. You can reach him at your local 
General Electric Apparatus Sales Office. 
If you prefer, send in coupon below for 
bulletins describing furnace brazing oper- 
ations and equipment. 


GENERAL ELECTRIC 


FREE PROCESS BULLETINS 


Section J721-8, 
General Electric Company 
Schenectady 5, New York 


NAME... 
COMPANY 


Please send me free bulletins checked below. 


MODERN HEAT PROCESSING BULLETINS 
() Furnace and Induction Brazing, GEA-5889 
©) Protective Atmospheres, GEA-5907 


TECHNICAL BULLETINS 


(1) How and Where to Use Furnace Brazing, GEA-3193 
C) Electric Furnace Brazing, GER-106 
©) Furnace Brazing of Machine Parts, GER-339 


ADDRESS .. 


STATE... 


Cylindrical Bell 


Metal-sheath 
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COMPLETE AUTOMATION is 
achieved by integrating Selas 
Gradiation® Heating into 
Chambersburg Engineering 
Company’s new, Cecomatic 
forging process. Brass slugs, 
up to diameter x 
long, are heated to 1500°F 
and delivered automatically 
to the Impacter at produc- 
tion rates which can be 
varied from 20 to 40 forgings 
per minute. 


are heated in this Selas Gra- 
Steel and Iron Company. 
Fast heating to 18S50°F .. . 
| _.. = at rates of 2 to 5 minutes per 
inch of thickness . . . virtually 
eliminates scale, thereby re- 
ducing billet weight 10%. 
Fast heated billets are forged 
at temperatures 300°F below 

conventional methods. 


IMPROVED FORGEABILITY plus savings in labor, 
time, floor space...with SELAS HEAT PROCESSING 


Improved forgeability, directly attributable to FAST 
heating, reduces power requirements at the usual forg- 
ing temperatures, or, for given power applied, permits 
an increase in the amount of flow or deformation. More 
importantly, this increased capacity for hot work can 
be used to advantage to permit working metals at lower 
temperatures, with no increase in applied work. 

Whether your forging requirements call for fully 
automatic or manual handling operations, you always 
get these benefits from Selas Gradiation heating: rapid 
start-up . . . low cost per work-piece heated . . . virtual 


elimination of scale . . . precise controllability . . . FAST 
heating which helps pace production . . . compact equip- 
ment which reduces floor space requirements. 

In heat treating, brazing, forging, strip-heating and 
other continuous operations involving both ferrous 
and nonferrous metals, Selas engineers can design 
Gradiation heating to help speed production, improve 
product quality, reduce costs. 


Our engineers will be glad to discuss how Selas Gradiation 
methods can be tailorcd to your heating needs. Address Dept. 33. 


SE LAS Aid Processing Engineers 


CORPORATION OF AMERICA 
DEVELOPMENT + DESIGN CONSTRUCTION 
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a ° "ae has all the features you 

S the Nation S have asked for in a produc- 
tion generator. It comes as 

UNIT ready to be set on 

. stream with a minimum of 
make ready. EXCLUSIVE 

AUTOMATIC TURN- 


coincident with demand, 
$s itrogen as en eliminating gas waste. SIM- 
PLIFIED RATIO CON- 
if BURNER OPERATION 
means easier combustion 
control. This new generator 
develops HIGHEST PUR- 
ITY NITROGEN and, 
where required, CO, can be 
obtained from the same 
unit simultaneously. Here 
is truly the nation’s top 
nitrogen generator. Be sure 
you look into it be- 
fore you buy. 


equipment for producing industrial gases 
20011 WEST LAKE ROAD CLEVELAND 16, OHIO 
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The temperature of this Wissco Rod Reinforced Belt varies from 2,050° F. to room tempera- 
ture as it conveys steel fittings through a brazing furnace and into a water-cooled chamber. 


WISSCO BELTS and the 


Mossberg Pressed Steel Corporation 


The story of Wissco Belts is best told by their users. For 
instance, Mr. Robert B. Housman, design engineer for 
Mossberg Pressed Steel Corporation, Attleboro, Mass., 
reports: 

“We obtained over a 100% increase in belt life— 
simply by switching to Wissco Belts.” 


And Mr. Housman goes still further: ‘“What’s more, the 
change to Wissco Belts enabled us to reduce belt main- 
tenance costs by 15% and to spend 20% less time cutting 
slack out of our belts. We know of no other belt that 
can do a better job of withstanding the constant heating 
and cooling cycle of the brazing furnace and still main- 
tain its inherent strength and consistency.” 


This Wissco Belt conveys steel fittings for braiding 
machines through the brazing furnace and into a water- 
cooled chamber. Normal belt operation is for an 8- 
hour, 5-day week; however, the furnace is put on a 


16-hour day during peak months. This puts an addi- 
tional strain on the metal belt since the 2,050° F. furnace 
temperature must be maintained around the clock under 
these conditions. 

If yours is a high temperature operation . . . or any 
processing or conveying job . . . itll pay you to get the 
complete Wissco Belt story. Contact our nearest sales 
office today. 


THE COLORADO FUEL AND IRON CORPORATION—Denver and Oakland 
WICKWIRE SPENCER STEEL DIVISION—Atlanta - Boston - Buffalo - Chicago - Detroit 
Wew Orleans + New York - Philadelphia 
CF&I OFFICES IN CANADA: Montreal - Toronto 


WISSCO BELTS 


PRODUCT OF WICKWIRE SPENCER STEEL DIVISION 
THE COLORADO FUEL AND IRON CORPORATION 
4633 
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This is the twentieth of a series of advertisements dealing 
with basic facts about alloy steels. Though much of the in- 
formation is elementary, we believe it will be of interest to 
many in this field, including men of broad experience who 
may find it useful to review fundamentals from time to time. 


Flame-Hardening Alloy Steels 


When the surface of steel is sub- 
jected to direct application of flame 
and heated above the transfor- 
mation range, then hardened by 
quenching, the process is known as 
flame-hardening. Its primary pur- 
pose is to surface-harden without 
affecting core properties. Jets of 
flame are played directly on the 
steel, and hardness penetration can 
be made to vary considerably. Usu- 
ally in alloy steels this depth will 
range from 0.03 to 0.12 in., the 
actual figure depending upon the 
method of heating and quenching 
used. 

Unlike carburizing, flame-harden- 
ing does not involve the absorption 
of extraneous elements by the steel. 
There is no alteration of the chem- 
ical composition. To put it simply, 
the steel must have its own self- 
hardening characteristics; cannot 
‘be dependent upon carbonaceous 
salt baths, gases, etc. 

Flame-hardening is not a substi- 
tute for the conventional furnace 
method. Each has its uses. The par- 
ticular virtue of flame-hardening is 
that the flames can be directed to 
localized areas. The furnace, on the 
other hand, is generally more eco- 
nomical and feasible when parts 
produced in large quantities must 
be hardened all over. 

Any type of hardenable steel, alloy 
or carbon, can be flame-hardened, 
and there will usually be no scale 
or pitting. The alloy content is the 
governing factor when determining 
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the quench. In some cases a rapid 
quench is required; in others, it can 
be as slow as air-cooling. Tempering 
presents no problems, for flame- 
hardened steel can be tempered as 
if hardened to the same point by 
other methods. 

A list of typical flame-hardened 
parts would include such familiar 
items as gear and sprocket teeth, 
and certain types of cams and rollers, 
shoe treads, etc. This list is by no 
means exhaustive; it could include 
many other parts that often require 
a localized hardening treatment, es- 
pecially for wear-resistance. 

When seeking information about 
flame-hardening methods, please feel 
free to consult with our technical 
staff. Bethlehem metallurgists will 
gladly cooperate, and you can de- 
pend upon their suggestions. You 
can rely on Bethlehem, too, as a 
source of alloy steels, for Bethlehem 
makes the complete range of AISI 
standard grades, as well as special- 
analysis steels and all carbon grades. 


If you would like reprints of this series of 
advertisements from No. I through No. XVI, 
please write to us, addressing your request to 
Publications Dept., Bethlehem Steel Company, 
Bethlehem, Pa. The first 16 subjects in the series 
are now available in a handy 32-page booklet, 
and we shall be glad to send you a free copy. 


BETHLEHEM STEEL COMPANY 


BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products 


are sold by Bethlehem Pacific Coast 
Steel Corporation. Export Distributor: 
Bethlehem Steel Export Corporation 


BETHLEHEM 
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Talide Die 


cuts molding cost 


71/4¢ to If... 


@ Simonds Abrasive Company, a leading 
producer of abrasive wheels, called in a 
Talide Die Engineer to help reduce excessive 
die costs. The highly abrasive action experi- 
enced in molding the wheels to shape cut 
service life of hardened steel dies to 3000 
wheels. A Talide carbide die having 6” LD. 
was designed and, due to its super hard and 
dense structure, approximately 25 times the 
number of wheels were pressed! $4,708.80 
worth of steel dies would have been required 
to equal the production of this one $690.00 
Talide die. Metal Carbides Corporation, 6001 
Southern Boulevard, Youngstown 12, Ohio. 


Send for Catalog 56-G 


DEEP DRAW DIES or ask for Talide Die 


25,680,000 outlet boxes ° 
drawn with TALIDE—Steel Engineer to call 
dies average 700,000. 


POWDERED METALLURGY DIES 


Compacting highly abrasive 
chemical powders, TALIDE Pill 
dies last 4 months, steel dies 
wore out in 6 hours. 


HEADING AND 


EXTRUSION DIES ee 
Cold-heading C-1008 
steel YALIDE dies 


produced 11,200,000 pieces, ¢ LLuRe 
other carbide dies only 3,500,000. . IN TUNGSTEN CARBIDE M 
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Your might be solved by fluoroscopic 
inspection. The exclusive Westinghouse Fluorex 
Image Amplifier extends the field of internal in- 
spection with fluoroscopy. 


X-ray inepection of vital yy landing ¢ gear , parte. Westinghouse now Radiographic inspection of large castings is accom. 


distributes portable Balteau line. 


plished faster with the stationary 250 KV Con- 
stant Potential Unit. 


From Aircraft Parts to Giant Castings 


Westinghouse Industrial X-ray Equipment Can Handle Any 


X-ray Inspection Problem—From Aircraft to Giant Castings 


Now — with transportable units, stationary 
units up to 250 KV capacity, production line 
units and versatile fluoroscopic units including 
image amplification, Westinghouse solves your 
most difficult internal inspection problems. 


you can Be SURE...1F ITS 


Westinghouse 


J-06333 
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If you feel that our staff of Industrial X-ray 
Engineers can assist you in any way, please 
write: Westinghouse Electric Corporation, 
X-ray Department, 2519 Wilkens Avenue, 
Baltimore 3, Maryland. 


X-RAY DEPARTMENT 


Westinghouse 
Electric 
Corporation 


2519 Wilkens Avenue, 
Baltimore 3, Maryland 
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Typical B&G Self-Contained 
Quench Oil Cooling Unit 


Complete in every detail for 


QUENCH OIL COOLING 


Proper control of quench oil temperature is the certain way to main- 
tain uniform quality in heat-treated metals and to avoid excessive 

. Py : Every piece uniform in quality 
sub-standard rejects. The only question is how to provide that control Ssantat entered queedied 
in the most practical, efficient manner. 


While the individual components of an oil cooling installation can 
be purchased and assembled on the job, the trend today is to install 
completely factory-assembled oil cooling systems. 


To meet this demand, B&G offers completely self-contained oil 
cooling units—integrated in every respect—teady for immediate 
operation. These units are engineered to your specific requirements. 


Whether your heat treating volume is large or small, the services of 
the B&G engineering department are available. Your request for 
information will receive prompt attention. 


B&aG QUENCH TANKS 
Properly designed to induce 
maximum turbulence in the 
uench oil. B&G Quench 
tanks are available in standard 
models or can be built to meet 


| OIL QUENCHING 
Send for this combined Cotolg SYSTEMS 


and simplified Selection BELL & GOSSETT COMPANY 
*Reg. U.S. Pat. Off. Dept. ES-16, Morton Grove, Iilinois 
Canadian Licensee: S$, A, Armstrong, Ltd., 1400 O'Connor Drive, W. Toronto, 
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Pressure Hull Inspection 
for Nuclear Powered Submarines 


with 
MACHLETT 


EG-250 
X-RAY TUBE 


Electric Boat Division of General Dynamics 
Corporation must perform highly critical ra- 
diographic inspection on the thousands of feet 
of circumferential and transverse butt welds 
on the pressure hull of each submarine it 
constructs. 


On the nuclear powered submarines con- 
structed and now under construction the 
Machlett EG-250 x-ray tube is used for all 
large scale inspection of the pressure hull 
weldments. 


One apparatus manufacturer alone has now 
used—in a wide variety of applications—more 


than one hundred EG-250 anode grounded 
x-ray tubes in gas insulated lightweight x-ray 
tubeheads. 


For exacting inspection under adverse envi- 
ronmental conditions the Machlett EG-250 
provides excellent, reliable performance. 


Machlett EG-250 x-ray tube, used in portable 
gas insulated tubehead, is employed for weld inspection on 
pressure hull of nuclear powered submarine SSN 578, Skate. 


FIRST IN INDUSTRIAL ELECTRON TUBES 


MACHLETT LABORATORIES, INCORPORATED 
Springdale, Connecticut 
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*(When the Du Pont Technical Man is in the Picture) 


Du Ponr technical men bring fresh insight into 
your descaling operation. Their training and experience 
with the Sodium Hydride Descaling Process enables them 
to see where steps can be saved . . . to recognize conditions 
that may eventually lead to trouble, and to know where 
new developments can be applied to speed and improve 
descaling. 

When you have a question, one of these Du Pont tech- 
nicians is only a phone call away. He’s equipped to ana- 
lyze your process, to recommend changes where necessary. 
He has in back of him the finest in laboratory and tech- 
nical facilities. 

Best of all, there is never any obligation for this service. 
Du Pont’s technical representatives are there to see that 
Du Pont chemicals are used to their maximum efficiency 
and that your descaling operation is the most efficient pos- 
sible for your requirement. Electrochemicals Department, 
E. I. du Pont de Nemours & Co. (Inc.), Wilmington 98, 
Delaware. 


REG. U.S. PAT. OFF 


Better Things for Better Living... through Chemistry 


*Technical Representative at your Call 


*IN 


*IN 


* IN 


*IN 


*x IN 


*IN 


*IN 


BOSTON: 
R. H. McCahan, HAncock 6-1714 


PHILADELPHIA: 
R. H. Goodman, Midway 9-1420 


CINCINNATI: 
H. W. Kennedy, PArkway 1-5253 


CHICAGO: 
L, J. Schustik, INdependence 3-7250 


NEW YORK: 
W. D. Jeffries & R. H. Goodman, LOngacre 3-6440 


CLEVELAND: 
L. W. McOmber & E. C. Friedl, LOngacre 1-1580 


DETROIT: 
D. W. Hill & J. B. Hitchcock, UNiversity 4-1963 


*IN EL MONTE, CALIFORNIA: 


E. D. Marcum, CUmberland 3-2761 


SODIUM HYDRIDE PROCESS FOR POSITIVE DESCALING 
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BRISTOL’S 


Instrumentation News 


* News of instrumentation and automatic control in industrial heating and metallurgy « 


HEAT TREATING FURNACE —cold end—at U.S. Hoffman Machinery Corporation's Scranton plant. 
Heat treatment of projectiles, seen entering furnace at right, is automatically controlled by instru- 
ments at left. 


INSTRUMENTS LIKE THESE control tem- 
peratures in rotary Hagan furnaces 
at U.S. Hoffman Machinery Corpo- 
ration’s plant. One of six installations. 


World’s largest hot-forge shell plant 
gets Bristol control 


Continuous heat control is a must in the manufacture of 
high-explosive shells for the U.S. Army Ordnance Corps. 

That's why you find Bristol Electronic Dynamaster* 
Pyrometer Controls at U.S. Hoffman Machinery Corpo- 
ration’s Scranton, Pa. plant—the world’s 
shell installation. 

Rotary furnaces, built by George J. Hagan Co., heat 
the steel billets. Bristol control systems, using round-chart 
Bristol Dynamaster Pyrometers, continuously monitor 
and regulate the heat in three zones in cou of these 
furnaces. 
After forging and before machining, the shells are heat 


treated in a two furnace setup. Surface Combustion fur- 
naces, also controlled by Bristol Pyrometers, heat the 
shells in the first stage before quenching, and second 
stage after quenching. 
Bristol Series 536 Free-Vane* Electronic Pyrometers 
automatically cut off the oil in case of furnace overheating. 
Bristol Pyrometers provide precise temperature con- 
trol for any industrial heating installation. You'll find com- 
lete specifications and prices in Bulletin P1260. Write 
~ your copy today. The Bristol Company, 106 Bristol 
Road, Waterbury 20, Connecticut. 664 
*T. M. Reg. U.S. Pat. Of. 


1. Bristol Round-Chart Dyna- 
master Electronic Pyrometers. 

2. Control relay. 

3. Motor operater—for propor- 
tional positioning of final control 


units, such as valves, burners, 
rheostats. 


Here are the basic elements for finer temperature control. Hundreds of variations available. 


There’s a Bristol Controller for every furnace and oven. 


© 


3 a STO L TRAIL-BLAZERS IN PROCESS AUTOMATION 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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converter powered furnaces mean flexible melting 


For Precision Casting 


Converter powered Ajax-Northrup furnaces have been the birthplace for just about 

every important alloy discovered in the last quarter-century. But the same economy and 
flexibility that make them a laboratory necessity make them just as important to 

industry. In fact, many of today’s best known precision casting companies were started 
with a single Ajax-Northrup high frequency furnace powered by a spark gap converter. 


One of the most successful, Precision Metalsmiths, Inc., Cleveland, Ohio, still 

finds converter powered furnaces ideal for all melting. Because heating must be fast, 
and the resultant alloys must be pure, high frequency induction heat is the 

only answer. And the large variety of alloys to be melted—some 92 different ferrous and 
non-ferrous alloys—makes converter operation highly desirable. The company’s four 
furnaces could be powered by a single motor-generator set. But powering each 

furnace with an individual spark gap converter achieves maximum efficiency and 
versatility at minimum cost. 


Precision Metalsmiths’ need for flexibility is not altogether typical. But it does serve to 
underscore the undeniable advantages of converter powered Ajax-Northrup furnaces for 
precision castings. Additional details on how converter powered high frequency 

induction furnaces could improve your operation, are available from 

Ajax Electrothermic Corp., Trenton 5, New Jersey. Request Bulletins 14-B and 27-B. 


Associated Companies: Ajax Electric Company — Ajax Engineering Corporation 


INDUCTION HEATING-MELTING 
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There’s no 
substitute for the 
FORGED crankshaft 


Crankshafts have been made successfully by 
other methods of fabrication and have proven to be 
good enough for certain non-critical applications—but 
for maximum dependability of the modern, compact, 
high compression, high torque engine a forged 
crankshaft is essential. 


The forging process assures, to the greatest 
degree possible, uniformity and predictability of physical 
properties with a minimum variance from piece to piece 
or from one location to another in the same piece. 


Wyman-Gordon has been forging crankshafts since 
the beginning of the internal combustion engine era and 
today produces more crankshafts for a greater variety of 
applications than any other company in the world. Ina 
crankshaft there is no substitute for a forging, and in a 
forging there is no substitute for Wyman-Gordon 
quality and experience. 


Established 1883 WORCESTER 1, MASSACHUSETTS 


HARVEY, ILLINOIS ©* DETROIT, MICHIGAN 
FORGINGS OF ALUMINUM © MA'GNESIUM © STEEL © TITANIUM 


MARCH 1957 247 


IN 
by | a 
| 
WYMAN-GORDON COMPANY 


how Vacuum Metals’ FERROVAC boosts 


ball bearing screw life up to 400%... 


Ball bearing screw assemblies, first used in automobile 
steering mechanisms, are now found in such critical 
applications as the actuation of landing gear and con- 
tro] surfaces of aircraft and guided missiles. And it 
was in tough jobs like these that the assemblies failed 
in fatigue. Then a leading manufacturer tried vacuum- 
melted FERROVAC® for the balls — and service life 
rose as much as 400% over the original life. Here’s 
why... 

Vacuum melting improves fatigue properties — [t 
literally sucks gaseous impurities —focal points for 
fatigue failure — from the molten metal. Vacuum- 
melted metals are cleaner, purer, tougher. And clean- 


® 


liness means an added bonus in fewer rejects. 
Only Vacuum Metals gives you one-source service — 
Vacuum Metals Corporation, Division of Crucible 
Steel Company of America, provides a fully integrated 
service from melting and casting through mill rolling 
and nationwide distribution of finished mill products. 
And you can get not only small experimental lots, but 
now, thanks to our new 2500 lb. induction furnace — 
the nation’s largest — you can also get large-scale 
continuous production quantities of vacuum-melted 
metals. If you have an application which these unique 
metals may improve, please write giving full details. 
Vacuum Metals Corporation, Division of Crucible 
Steel Company of America, P. O. Box 977, Syracuse 
1, New York. 


VACUUM METALS CORPORATION 


Division of Crucible Steel Company of America 
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SERIES 58 


SERIES 56 =a ugh — SERIES 59 


SERIES 53 


MAGNI-CHANGER 
Desired magnifications simply 
“dialed-in” by rotation of 
calibrated cylinder 


GET THE WHOLE AO CYCLOPTIC STORY... REQUEST LITERATURE TODAY. 
HARSHAWV SCIENTIFIC 


Division of the Harshaw Chemical Co. « Cleveland 6, Ohio 
Sales Branches and Warehouses 
Cleveland 6, Ohio Detroit 28, Mich. Los Angeles 22, Calif. 
1945 East 97th St. 9240 Hubbell Ave. 3237 S. Garfield Ave. 
Cincinnati 13, Ohio Houston 11, Texas Philadelphia 48, Pa. 
6265 Wiehe Rood 6622 Supply Row Jackson & Swanson Sts. 
Sales Offices: Buffalo 2, N.Y. ¢ Pittsburgh 22, Pa. * Oakland 11, Calif. 
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| ON DISPLAY AT HARSHAW’S BOOTH #726—WESTERN METAL SHOW 
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warsnaw scientiric “OAM 
- @ True three dimensional * 
@ Long working distance j 
@ Large field of view 
Broad selection of models 
discover that the new CYCLOPTIC. 
Series offers you the exact model to 
Meet your very need. 
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MACHINE AND TOOL 


blue book 


Reports 


SAVIN 


ed at 
Here's What Happen 
Dreis & Krump 


ADJUSTING SCREW 


PARTIAL LIST OF PROMINENT 
Man-Au-Cycle Users 


Cleveland Pneumatic General Electric 
Lempco Products Thor Power Tool 
Dreis & Krump Armstrong Blum 
Warner & Swasey Sier Bath Gear & Pump 
“” International Harvester Brady Corp. 

“World's Fastest Threading botne Gisholt S & G Engineering 

For Short or Lond Illinois Tool W.K.M. 
Boyles Bros. Drilling 


March 25 thru - Opportunities for Machine Tool Salesmen 
Dealer inqu with Engineering Background 
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TAKE THIS ROUTE 


the 
1 at the meals 
million dollar Pony Express Lodge 


a anger rent This the tur made 


o 


if your ticket agent 
or Travel Agent 


XPRESS 
know about this tour. 


-HAROLDS 


wire or write 
Harolds Pony Express Lodge 
- Reno, Nevada 


p.O. Box 2449 


pcorte 
exciting part of three days and two nights. It's a “package 
“Harolds Club... 
LODGE. 


@ National-Standard Copperply is unique because its 
heavy copper jacket is bonded to a steel wire core by a 
continuous electroplating process. This results in precise 
concentricity and permits closely controlled coating thick- 
ness. It also permits the use of core steels in a wide 
range of analyses. 

The coating is so uniform and the bond so permanent 
that Copperply can be twisted, bent, flattened, stranded, 
woven or even roll-threaded without the slightest danger 
of rupturing the coating or otherwise exposing the core. 
Thus Copperply’s extreme uniformity and permanence 


NATIONAL 


Divisions: 
WAGNER LITHO MACHINERY, Secaucus, N. J.; metas 9 . 


TONAL -STANDARD, Niles, Mich.; tire wire, stainless, music spring and plated wires 


UNIQUE COPPERPLY® WIRE ..... unique advantages! 


‘mean prolonged service life and maximum protection 


against rust, regardless of forming or service requirements. 


The uses for this unique new wire are many. They range 
from high strength communications line and electronic 
applications to wire for non-rust masonry ties and deco- 
rative jewelry chain—wherever the combined qualities of 
copper and steel can work to advantage. 


Name the use you have in mind and let National- 
Standard help you work out details. It’s part of our 
unusual service. 


STANDARD 


+ WORCESTER WIRE WORKS, Worcester, Mass.; high end /ow carbon specialty wires 


STEEL, Clifton, M. J.; Mat, high carbon spring steels + REYNOLDS WIRE, Dixon, Hl.; /ndustria/ wire cloth 
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> 
q 
‘a 
ae 
| 
ty 
* 


1. The trichlorethylene you use for de- 
greasing metal is protected by a 
stabilizer (small circles) against 
heat, light, air, moisture, acids and 
active metals like aluminum. 


1. You get full-time protection with 
sstabilizer’s unique action. 
Notice the difference between the 
next two diagrams and those above. 


Does the solvent you use “go sour,” like this? 


2. Ordinary stabilizers wear out or be- 
come depleted during normal use. 
With some solvents, you have to ti- 
trate your bath frequently, and may 
have to add fresh stabilizer. 


Use Nialk® TRICHLORethylene and get psp ...like this 


2. NiALK stabilizer does not wear out 
during normal u. c. It’s always there, 
working. You never have to titrate 
your bath, or add fresh stabilizer. 


3. When stabilizer wears out, your de- 
greaser doesn’t function properly. It 
may even stain metal parts instead 
of cleaning them. You have to clean 
out the “sour” bath. 


3. Even after repeated distillations, 
you still have complete protection. 
All the stabilizer is active. Only 
Nrack has this psp—permanent 
STAYING power. 


Why you pay less to degrease 
with Nialk* TRICHLORethylene 


The drawings above demonstrate a 
difference—a big, cost-cutting differ- 
ence—between NiaLtk TRICHLOR- 
ethylene and conventional vapor- 
degreasing solvents. 

NIALK has psp—permanent sTay- 
ING power—in its stabilizer. It’s neu- 
tral, non-alkaline. You never have to 
replenish it. 


Psp means cheaper degreasing Get proof of Nialk’s cheaper, 


You don’t have to clean out your de- 
greaser nearly so often with NIaALK 
TRICHLORethylene. You can de- 
grease many more parts between 
cleanouts. 

The Ntack stabilizer actively re- 
tards formation of degradation prod- 
ucts in your degreaser—cleanouts are 
easier, faster. 


safer degreasing 


See for yourself how NIALK with psp 
remains stable, keeps cleaning effi- 
ciently long after other solvents have 
lost their punch. Write on your busi- 
ness letterhead for a resumé of com- 
parative metallurgical tests on five 
leading brands. 


HOOKER ELECTROCHEMICAL COMPANY 


403 UNION STREET, NIAGARA FALLS, N. Y. 


NIAGARA FALLS * TACOMA * MONTAGUE, MICH. * NEW YORK * CHICAGO * LOS ANGELES 
Manufacturers of VIRGO® DESCALING SALT, VIRGO ELECTROLYTIC SALT, VIRGO MOLTEN CLEANER 
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A WHOPPER! WHO MADE IT? 


A specialist in big forgings, that’s who, and that’s us 
.. one of the very few companies equipped to handle 
such a big job. When you need a cylinder forging 
like this, we'll do the whole job, including final 
machining, to tolerances as close as +.001”; or we'll 
produce in rough finished form with the final machin- 
ing left to you; or we'll harden and temper the steel, 
doing the entire job to your exact specifications. 


For the hydraulic cylinder in the photo above, we 
poured an electric steel ingot, forged it, hollow-bored 


it, lapped it, and polished it to a cylinder finish—we 
could do all of this . . . do it well and do it economically 
—because we are specialists and ours is a completely 
integrated plant. We'll produce your big forgings too 
—exactly to your specifications. 


“WHO MAKES THE BIG ONES... BEST?” 


YWATIONAL FORGE 


AND ORDNANCE COMPANY 


IRVINE (WARREN COUNTY), PENNSYLVANIA 


To see more of “the big ones,’ and the machinery they’re made on, write for Bulletin NFO-2. 
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TOOL & ENGINE ROOM LATHES 
10” x 30” to 16’ x 100° 


R-9 SUPERGRINDERS 
Horiz. Surface 

Vert. Surface 

Univ. Cylindrical 


OERLIKON +3 Mod. 
RK CYCLED 
VERTICAL MILLING 


MACHINE 
World Famous 
Machine Too! 
Builder 


DEALE 
Fully 


OPTICAL HORIZONTAL BORING 
DRILLING & MILLING MACHINE 
Direct Readings in .0001 


SUPERMILLS 
, Universal & 
=1 te 


iti ine Tool Sales- 
rtunities for Machine 
with Engineering Background 
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AND PRECISION MACHINE TOOLS 
a MARCH 25-29, 1957 + Los Angeles, California. 
| iM ALL TOOLS FOR 
aR SALE OR RENT 
nen TERMS UP TO 10 YEARS | 
IAL DRILLS National Parts and Service 
| 
| 
20” LATHE | 
if = 
NEW 
= 
MACHINERY CO. q 
53RD ST. * BROOKLYN 32, 
Phone: HYacinth 2-7400 Cable: SANDSTOOLS rica 
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UNMATCHED 
plus... 


Ease of Operation 
and Accuracy 


AMPLIFIER 


RECORDING PEN 
MECHANISM 


TINIUS OLSEN | 


ElecOmatic 


TESTING 
MACHINES 


Rear view of the Olsen Selecbrange Indicating 
System, used in all ElecSmatic testing machines. 


For functional simplicity, sensitivity, speed of response and ease of operation, 
the Selecbrange Indicating System used in all Olsen Electmatic testing machines is 
years ahead of the field. This paterited electronic null-balance system provides a 
minimum of 100 to | ratio of testing ranges and assures foolproof accuracy. By 
flipping the selector switch, the range can be changed at any time without interrupting 
the test. When an Olsen load cell is used, range capacities as small us 50 grams repre- 
sent full scale on the large color-coded dial. 


Positive testing speeds even under load and unlimited stroke are among 


the many other features of Tinius Olsen 
ElecBmatic Testing Machines. 


Get the facts from Olsen. 


Details given in new 40 page Bulletin 54. 
Write today for your free copy. 


TINIUS OLSEN 


TESTING MACHINE COMPANY 


2030 EASTON ROAD ° WILLOW GROVE, PA. 


Testing and Balancing Machines 
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sentry with 
nerve-ends of 


“PHOSPHOR BRONZE.” 


Unnoticed by most . . . taken for granted 
by those who live by its warnings, the 
searchlight signal of cTc — Centralized 
Traffic Control — stands guard on railways 
stretching from coast to coast. In bustling 
terminals . . . at lonely prairie crossroads, 
Seymour “PHOSPHOR BRONZE” helps 
these unfailing sentinels flash the stop and 
go messages which control our rail-borne 
commerce. Contact springs, connectors 
and other parts of their electric nerve sys- 
tem are formed from this corrosion-resist- 
ant, even-tempered, long-lived and reliable 
metal. 

Seymour “PHOSPHOR BRONZE” — 
identified by its Elephant Brand — is a 
basic material in unnumbered applications 
where the strength, beauty and versatility 
of the finest bronze is a special require- 
ment. 

Want more information about cTc and 


Seymour “PHOSPHOR BRONZE"? Jus 
eee gre 


® 


THE SEYMOUR 
MANUFACTURING 
COMPANY 


10 FRANKLIN STREET 
SEYMOUR, CONNECTICUT 


* Rogistered Trade Mark of the 
General Railway Signal Compony 
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ASTER ALLOY 


Light magnesium alloy castings will gain high 
impact strength at elevated temperatures when 
Zirconium is added. TAM’s Master Alloy provides 
a most efficient method. Notch bars are readily 
soluble in production heats. Recoveries are high. 


In addition to greater impact strength at elevated 
temperatures, a tough fine grain structure is 
produced . .. relatively free of contamination. It 
is readily castable or extrudable, with minimum 
microporosity or microshrinkage. It resists 
corrosion. 


Foundrymen prefer TAM Master Alloy 
for its ease of handling and storing as well as its 
freedom from obnoxious fuming. 


INCREASED 
STRENGTH 


AT ELEVATED TEMPERATURES 


TAM 
PRODUCTS 


Registered 


TITANIUM ALLOY MFG. DIVISION 


NATIONAL LEAD COMPANY 
Executive and Sales Offices: 
111 Broadway, New York City 
General Offices, Works and Research Laboratories: 
Niagara Falls, New York 


Your order or your inquiry will receive prompt attention when addressed to our New York City office. 
METAL PROGRESS 
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PERECO 


—=— Electric — 


FURNACES ond KILNS 


McDANEL ZIRCO Combustion Tubes 


Write 
GAS-TIGHT! UNVARYING UNIFORMITY! Today 
Recognized by laboratory tech- Made of the purest materials - " for 
nicians as a superior product. with exacting workmanship. + cenrest Bulletin 


Gas-tight, highly resistant to Ends ground for precise 


for use in high temperatures up in a _ self-cooling (double- = 9 
to 2,900 degrees F. reduced) design. 


‘ ulletin C1-55 on 

MeDanel Combus PERENY EQUIPMENT CO. 

BEAVER FALLS, PENNA. Accessories. Dept. Q, 893 Chambers Rd. 

Columbus 12, Ohio 


You can't 
afford 
inefficient 


light metal 
processing 


Manufacturers, nation-wide, are searching for ways to cut That's why more and more light metal manufacturers are 
production costs. Many have found an answer—increase the turning to MOCO for the answer—and they’re finding it. 
efficiency of heat processing methods. Light metal processing MOCO builds ovens and only ovens. Their entire engineering, 
can be specially wasteful—unusual properties of aluminum, service, and sales organization have one interest—your heat 


magnesium, and titanium call for an oven specifically processing operation. Why not contact your MOCO repre- 
designed to meet the application involved. sentative today? 


A WEALTH OF OVEN FACTS MICHIGAN OVEN COMPANY 


This new booklet by MOCO engineers is 
filled with valuable information on process 417 Brainard 
heating. Send for it now. Detroit 1, Michigan 
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How Pittsburgh 
knotted brush 
construction provides 


e Better Balance e Uniform wear 
e Better cleaning 
e Longer equipment life 


Because of their construction, Pittsburgh “Lightning” 
knotted sections have exactly the same number of wires 
in every knot. As a result, you get a brush with perfect 
balance—one that will wear uniformly and cause less 
bearing-destroying vibration in the machine that 
drives it! 


What's more, the special type of wire used in these 
knots is the fastest cutting, with the longest life, that 
can be produced. Built for the toughest applications, 
“Lightning” brushes are perfect for cleaning welds, 
removing scale or rubber, or cleaning parts where 
penetration brushing is needed. 


This is just one — of superior Pittsburgh 


construction, engineered for both general 
and specific applications. For details of the 
complete line, write for free Catalog No. 
54-W. Address: PITTSBURGH PLATE GLASS 
Co., Brush Division, Dept. Y-03,3221 
Frederick Ave., Baltimore 29, Maryland. 


PITTSBURGH 


Feuer Vriver 
BRUSHES 
BRUSHES « PAINTS ¢ GLASS * CHEMICALS « PLASTICS « FIGER GLASS 


PITTSBURGH PLATE GLASS COMPANY 
IN CANADA: CANADIAN PITTSBURGH INDUSTRIES LIMITED 
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Potent Applied for 
THE NEW OHIO “RN” WELD NUT 


This nut, which is applied by resistance 
welding, becomes the PRIMARY FAST- 
ENER in fastener assemblies. It offers 
these distinctive advantages: 
SIMPLIFIED PRODUCT DESIGN 
LIGHTNING-FAST APPLICATION 


(By resistance welding) 


> PRIMARY FASTENER 
PERMANENTLY POSITIONED 

(No retapping required) 
SPLIT-SECOND ASSEMBLY 


OF PRODUCT COMPONENTS 
(Made possible by pre-attached primary fastener) 


6 SHIPMENT FROM STOCK 
Samples and information furnished upon request. 


OHIO WELD FASTENERS 
THE PRIMARY FASTENER IN FASTENER ASSEMBLIES 


THE OHIO NUT & BOLT CO. + 33 FIRST AVE.,BEREA, 0. 


Here is one of the outstanding 
heat-treat furnace installations 
blueprinted by Carl Mayer to fit a given requirement. 


This recirculating, gas-fired, car bottom type at the 
Golden Foundry Co., Columbus, Ind., was engineered 
to meet a high temperature range requirement. It 
has proven an asset to the production of cast iron 


engine blocks. Write for bulletin HT-53. 
Over 30 years’ experience. 


3030 EUCLID AVENUE * CLEVELAND 15, OHIO 
OTHER PRODUCTS: Core & Mold Ovens ® Rod Bakers ® Paint & Ceramic 
Drying Ovens © Special Processing Equipment & Accessories 
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WELDMENTS MAKE SENSE 


Weldments_ eliminate 


pattern costs and per- 
mit alteration without 
destroying the entire 
assembly. (Ideal for 


machinery use .. . 


change over). 
s 


Write for folder about 
our services and equip- 
ment for the produc- 
tion of Flat-Die Forg- 
ings — Weldments— 
* Composite Die Sections 
and Plate Burning. 


Press Cap Weldment 
(showing small scale pattern) 


COMPOSITE <> FORGINGS, INc. 


2300 W. JEFFERSON, DETROIT 16, MICH. 
Phone TAshmoo 5-3226 


HIGH TEMPERATURE 
metallurgist 


Combustion Engineering has interesting and 
responsible position for a High Temperature 
Metallurgist, preferably with 5 years expe- 
rience, to undertake research in new alloys 
development. 


This work will be performed in our new 
Metallurgy Laboratory in Chattanooga, 
Tennessee, an area providing every facility 
for pleasant living. Relocation assistance 
provided. 


Combustion is a long established leader in 
the power field. Tt has designed and manu- 
factured equipment for steam power genera- 
tion for public utilities and industrials for 
nearly three-quarters of a century. 


Liberal Employee Benefits. 
Send complete resume to 
MR. R. A. ZIEGLER 
COMBUSTION ENGINEERING, INC. 


Dept. MP-1 
200 Madison Ave., New York 16, NLY. 
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{RROP 
“ELECTRIC 
URNACES 


NMR-10-SP NON-METALLIC 
RESISTOR FURNACE 

Firing chamber 10”x10”x11”, silicon carbide resistor heat- 
ing elements. Maximum firing 2800°F. Illustrated with 
temperature indicator and program controller ...size and 
instrumentation may be varied to meet requirements. 


Solve your particular high temperature firing prob- 
lems in metallurgical research, testing or small 
scale production with a versatile Harrop non- 
metallic resistor furnace. 

Solve your lower temperature firing problems 
with one of Harrop’s complete line of metallic re- 
sistor furnaces. 

For special applications demanding an unusual 
firing chamber, door opening and temperature 
range, Harrop will design and build a furnace to 
meet your specific need... whatever it may be. 

You'll profit by Harrop’s years of experience in 
designing and building full temperature range of 
furnaces and kilns for both research and produc- 
tion. This engineering know-how 
is responsible for the sound scien- 
tific design ... modern appearance 

. . easy operation . . . long, eco- 
nomical service you get with 
every Harrop furnace. 

Get a non-obligating 
analysis and recommenda- 
tion of your furnace require- 
ments. Send full particulars as 
to your materials... tempera- 
ture range ... heat control... 
and firing objectives. Address 
inquiry to: 


Dr. Robert A. Schoenlaub 
NMR.-7 NON- TECHNICAL ADVISER 


METALLIC RESISTOR HARROP ELECTRIC FURNACE DIVISION 


FURNACE : oF 

CERAMIC SERVICE COMPANY 
3470 E. Fifth Ave. 


7” x9", drop door, 
Columbus 19,Ohio 


temperature control- 
ler. Adaptable to 
other instrumenta- 
tion. 


equippea to vou 
| 
= 
5 
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An Ellicott “Dragon” Dredge, constructed in part with Standard Steel 
Works forgings, ready for rail and freighter shipment to Hong Kong. 


"To maintain our position of 
world leadership we must have 
superior service from our suppliers” 


As suppliers of countless forgings to the Ellicott Machine Corporation 
for 30 years, we at Standard Steel Works feel we have been an 
integral part of the growth of Ellicott and in helping this world’s 
largest dredge manufacturing company maintain its top position 
through all those years. We appreciate the fact that Mr. Mund and 
his associates realize it is not only by meeting design and steel anal- 
ysis requirements for Ellicott, but also by consistently combining 
our know-how in steel fabrication with personalized attention to 
each order, that we have maintained our mutually satisfactory rela- 
tionship. Every order we receive we accept as a service opportunity. 


It is routine at Standard Steel Works to analyze all orders carefully 

and to present its requirements and possible problems on a personal, 

conference basis to the appropriate men in the shop; then to keep 

the customer continually advised on the progress of his order : 
through our shops by means of frequent, periodic job-status reports. npr 
Our customers, whether they manufacture equipment for local use 
or for shipment to the far corners of the world, know that they can 
count on Standard Steel Works to deliver the right forgings at the pix. requirements 
right time—to help them maintain delivery schedules. Write or call have helped us maintain our world-wide leadership,” 
Dept. 3C today and give us the opportunity to show you how our 


. says Allan Mund, Vice President and General Manager, 
personalized service can prove invaluable in your operations. Ellicott Machine Corp., Baltimore, Md. 


Standard Steel Works Division QR) 
BALDWIN : LIMA: HAMILTON 


BURNHAM, PENNSYLVANIA Rings * Shafts * Car wheels * Gear blanks * Flanges * Special shapes 
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METALLURGICAL 
ENGINEERS 


with experience in ferrous and non-ferrous alloys, 
electroplating, shop and foundry practices. 


CERAMICS ENGINEER 


X-RAY SPECTROGRAPHER 

a 
These are permanent positions with 
Sandia Corporation, located in Albu- 
querque, New Mexico, and engaged in 
nuclear weapons research and devel- 
opment for the Atomic Energy Com- 
mission. 

Send resumé to: 

STAFF EMPLOYMENT D.ViS:ON 589 


SAN DIA 


CORPORATION 
ALBUQUERQUE. NEW MEXICO 


H OW... 
YOU? 


@ If you are engaged in any manufacturing opera- 
tion including forging, stretch forming, extruding, 
die casting, kiln car and oven conveyor, piercing or 
many others, you'll find Grafo Collodial Dispersions 
will do a much better lubrication and protection job 
for you. 


@ You'll have better working conditions . . . free 
from injurious smoke and sloppy housekeeping. Grafo 
Collodial Graphite is composed of micron-size parti- 
cles dispersed in suitable liquid carriers which are 
unaffected by most die temperatures. 


There Is A Grafo Lubricant 
To Do Your Particular Job Better For Less. 


Write Us Regarding Your Special Problems. 


COLLOIDS 

CORPORATION 

279 WILKES PLACE © 
SHARON, PENNSYLVA 


PATTERSON WIRE STRAIGHTENING 
AND CUTTING MACHINES 


MODEL 2A 1/16” TO 4” DIA. CAPACITY 


THE MODERN STRAIGHTENER 


Variable Speeds & Feeds 
Electrical Trip Mechanism 
Roll Type Clutch—Quick Action 


200 Cuts Per Minute on Short Lengths. Many 
Other Models for Wire Up to %" Dia. 


3409 Trumbull St.—Cleveland 15, O. 
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THE GEO. C. PATTERSON MACHINE CO. 


With the Waukee FLO-METER'’S built-in 
Valve, you adjust the gas flow in full view of 
the scale. You can see what you're doing! 


The Control Valve is an integral part of the 
FLO-METER, designed for panel mounting 
and simple piping No extra valve piping or 
installation. Saves time and money. 


It’s a Waukee-designed and built valve — 
sturdy, simple, smooth. Needle-valve principle 
for accuracy, sensitivity, and easy cleaning. 


And you can still clean the FLO-METER in 
5 minutes or less! 


Complete information in Bulletin 203. Write 
for it. Waukee Engineering Company, 5140 
North 35th Street, Milwaukee 9, Wisconsin. 


For measuring: air — ammonia — dissociated ammonia 
— argon — butane — city gas — endothermic cracked 

— exothermic cracked — forming gas — helium — hy- 
joan = natural gas — nitrogen — oxygen — propane. 


AIR- GAS MIXORS 
L WASHING MACHINES 


: 
built-in Valve...){ =! 
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Designed, Built and Installed 
-=-=- Keady to Produce 


@ It costs less to let experienced heat treating 
furnace engineers handle all phases of your heat 
processing furnace projects. Then you can be sure 
the design and type of furnace, the method of heat- 
ing, the special atmosphere, the material handling 
and other equipment are all best suited for your 
particular product and process. All phases will be 
synchronized and coordinated to your production 
schedules, simplifying the entire operation and 
assuring profitable and trouble-free service. 


EF engineers have served many of the country’s 
most successful companies, and have handled 


many complete projects ... some of extremely 
confidential nature. 


On your next heat processing or furnace 
project, no matter how large or unusual, take 
advantage of the extensive experience and 
complete service offered by EF heat processing 
engineers YOU'LL FIND IT PAYS. 


@ CAS FIRED. FIRED AWO ELECTRIC FURNACES 


THE ELECTRIC FURNACE CO. 


Canadian Associates @ Canefco Limited @ Toronto 1, Canada 


A small, complete, compact installation consist- 

ing of an EF continuous scale-free hardening 

and gas carburizing furnace, a special combi- 

nation endothermic and exothermic gas gen- 

erator, automatic feeder, quench and discharge 
equipment. 


A large combination gos fired and electrically 
heated continuous galvanizing furnace installo- 
tion (over 300 feet long). As usual this equip- 
ment wos completed and in production on 
schedule, and the first coil run thru was ac- 
cepted as first class salable material. 
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THE METAL 


The making of quality leaded alloy electric furnace steels is a highly scientific 
job. The planning, the constant study, the checking of minute details by skilled 
metallurgists, that go into the creation of one billet of leaded steel, 
represent one of the highest forms of industrial craftsmanship. At Copperweld, 
manufacturer of the most diversified line of lead treated and carbon steels, 
a staff of skilled metallurgists is constantly at work to insure Copperweld’s 
leadership in the production of hot rolled blooms, bars and billets. 


Our stoff of field metallurgists is at your disposal to assist 
you in the selection of the best steel for any purpose. A 
call to a district office in any major city is all that is needed 
to bring this service ¢ 
ARISTOLOY | 
STEELS 
COPPERWELD STEEL COMPANY e¢ STEEL DIVISION «© WARREN, OHIO 
EXPORT: Copperweld Steel International Co., 225 Broadway, New York 7, N. Y. 
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